~~L1Torrrrrrrr~rer~eerr el *167167* 1 LUBRI CATING O L ADDI Tl VE SYSTEM 2
PART| CULAREY—USEFUL-FER-NATURAL GAS 3 FUELED ENG NES 4 5 BACKGROUND 6
This invention relates to Iubrlcat|ng oi | conprisiing a conbination of a 7

hlndered_phenomeMﬂMWWWMMML 1l and |1V base oil.. The lubricating oil of"
this 8 inventi d in any manner, however its enhanced properties
make 9 it particubandy applicable for use in engines fueled by natural
gas. 10 Natural gas has a higher specific heat content than Iiquid

hydrocagrbon .11 fuel s pgRICETIRICON ADCIVIVE 896TeMm t han |iquid hydrocarbon

fuel s under typ| cal pARTIEULARDEIUSENSL FOR RAGFURANGAE Nce it is already a
gas, nafural gas does not cool glg et BKBIRES DY evaporation as liquid

hydrocgy bon fuel droplets do.. Furthermore, 14 . many natural gas fuel ed
engines are run either at or near st@ chionetric . 15 conditions, at which
| ess excess air-is available. tBAGKGROWNMA cool conbustion 16 gases. As a

resul t,. nat ural %vg&gn%ﬁg%qu(lggﬁggﬂ%ﬁégggb &%H?ﬁdno . 17 gas

tenperaﬁt ures than englnes on i%ce the 18
rate of7 f chinderedphefiollddd, Gronp ille Hsarsd Mmaemit_ Thellybrigatihg b mf)ﬁnsat ure, natural

gas. 19 fuele ngi n ener at e centratipns hi ough to
dause Zo SavaiMien fTef S perPi S el More i RS SPbaRied Rpotr s ol Nar L7
gas fu@I edtpmgamaayapmcusegoml ihenglnek Yueled b%aﬁﬁatghst% Idoad ¥\hereas
an en ne oper n I n ve ar _service end 50% of its
e 07 urT T Bt gt s haen fredlichent cRpiens b sk GRIeaton 2g:

vehi cujjar fﬁ@l&‘én@&her’éf&reﬂrlﬁrﬁe’lﬁbtfe@kﬁéh U hfdrob&r®0Bn f&él@&ﬁdé.qy joaf ural gas
fueI ed 25 engll nes. 26 It is ipportant to ensure the reliability of natural -

d f U eccosdicRedn additin csigeait iwAltgady ages. nakra gasripesawtaeg) be |ocated in
r ermt e 3ar qat%k%ﬁrtgsevggo%?{ lag ‘ﬁama @BFOC% fu¥l &%ﬁlek@é& Fu bating oil .

used i n natural I nes herefore. requires high resistance to
oxi dati4on many mturaiga@ lelghengings arglrve evtberrathmeaostonczhlom@tum ant for

keepi g CIg)R0ARS! iHesd bSARLR YRS TP BB S B R OV 0 g

t he proper "anoun ositron nim zing conmoustt on chanber
deposiles agyadesplss & rq:ﬂultgnatural gas fueled engines generate higher combustion. .

17 gas temperatures than engines buming liquid hydrocarbon fuels. Since the
‘ _18 rate of formation of NO, increases exponentially with temperature, natural gas
19 fueled engines may generate NOy concentrétio_ns high enough to cause
20  severe nitration of lubricating oil.
- 21 In most cases, natural gas fueled engines are used continuously at
_' 22 70to 100% load, whereas an.engine operating.in vehicular service may only
23 .spend 50% of its time at full load. Lubncatmg oil drain intervals may varyin
. 24" vehicular service, but are typically shorter than those for natural gas fueled
' '_;_25 engines.. o B o | A
26 It is_important to ensure the teliability of natural gas fueled eng_ine's '
27 becauée-natu‘ra! gas fdeled'efrl_git_ies may be Ioceted in remote areas Where
- 28 ser\_iiee is-not readily available. _Lubn’catiﬁ_g oit used in natural_gas _engin'es
29 the'refore'_requifes high resistadce to oxidation and nitration.
) 30 ' Good valve wear eontfol is important fof keeping engine operating
- 31 costs down-and may be achieved by 'providing the proper amount-and |
32 | ebmpbsition of ash. Minirhizing oombUStion'chamber debosits and spark plug
| 33 foulmg are also consuderatlons in sefting the ash content and oomposutlon in
' 34 these ocls Lubncatmg oil ash levels are. llmlted so detergents must be
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- 33 fouling are al so. considerations in setting the ash content and
conposition in 34 these oils.. Lubricating oil ash levels are. limted, so
detergents nust be | 1IFf 01 L1 VILL VLT VI VELL TEEE 1T *@00002*
carefully selected to ninimize piston deposits and ring sticking. Good wear
.protection is required to prevent scuffing and corrosion. If lubricating
oils for natural gas fueled engines are not fornulated to handle typical
environments for those engines, the lubricating oil wll eteriorate
-rapi dly dufrbfdly seRctelitosnidiatiee pistat deposits ahd ripgistigking: Cers¥eehe

| ubricating oil to thick which resul ts. i:n: | ne sludge, piston
deposi ts, ‘Rptectipp F%'@ﬂ“ﬁ?ﬁg‘b???@'?"gﬁ%ﬁfw %‘gv%drhéo‘%(ﬁ:ug{s'es, -accel erated ring and
li ner wear. Thqs@BRektRlg sikdushaturpps Getdd engindedrcrotderafiaeiiei on of

| ubricating oil and the resyltant engine skudge . pstongdeposits,- oil _
filter plrpfidigytypical eadesn ?éﬁ%‘?ﬁ? ' 'h'hee'?‘%\r/\'/e(:&a};@i s to add antioxidants

such as hi fidersdiBERAY duiRPude Thisdetdiipdaton Wilbtypivally eaisestief uri zed
i h

conpounds- T'ncreasing the amunt of fhese antioxi b Rei i cating oil
i s i ncr eaditbdgtafingfoitde thigken; &h'ﬁ\/‘@s&l{ts ENGRE? f‘ﬂ%e'o‘ﬂ%%?? g??dos?g{li on. But at

sonme poi ntﬂ#é?@ @gln:g!{b%ﬁtwsé\}éﬁébags.taﬁé’eléﬂﬂéd'ﬁﬁglahd linat wead dant reaches
maxi mum e1l e {I eréss and at tines further addjtion ?Lubr@ﬁdgo&‘ dant may
even det ri ment deygenieral éndusirg apprageh & radugs detesiotighiqt BOT=I 70 sur pri se

t hat* i ncreasi pg . the anf o iepotits! &il iRk tngearidn i ncreasing t he
life of I Wi@gﬁ%?mc%?&?ﬁpgg%%%ﬁﬁon. provi desbg@grre ‘Tr‘l%i hgﬂggcrease the
life of | upebleatteddngahd linedwearts m@ﬂwﬁm@é P unt of
antioxidant. SUMARY In a firs _ Reé&Ling theanioumt, there is -
provi ded é’sl"lé‘rqsc‘%{?ﬁ)i‘w-gmmesc ?‘ﬁ@ﬁ%}ﬁ‘)&ms?g _abountg 2.5 W % of

3, 5- di - t - by indsedmiiydasut iplnivitingrallis casasingly etlestve (9AWidl and a nmajor
amount of at_ |east_one Goup Il agnd |1]. e_0i SFih&aaafloaapect of

t hi s i nvefhrisating ?%@?‘@"??ﬁﬁ&t}%ﬁ't@gﬁo‘gﬁ pé’ﬂgi%?? §@h*‘ﬂ§9’r¥u a‘?itgn" co(r)rpr'i sing the
hi nder ed phERGlaRESGE Mxitrint Sfeotivbiess e Umas fdrtheradsitionsfe

di spersant's; one or nore detergents and_one or %ﬁ}/\?@ar I nhibitors. Ina
third aspentioxidantimay evaredetimentally afectipiston ePaRtCU™ Rt hod of making the

| ubricating of bLasaeGosndi : | drSdsimpRRCdmbyntasfrantiaxidgntihe hi nder ed
phenol  accor d%@ﬁg{sﬁd;%ﬁéétﬂgaégde‘%%w 'h the base oil el ding to the .
first aspeffecive iaiiycreasiag thaliie ofilthicgting ofl, this invention provi

method to increase the life of lubricating oil with out necessarily increasing the _

-amount of anfioxidant.

SUMMARY |
Ina first. aspect of the present invention, there is provided a Iub_ricating'oil ——
cdmprising 0.6 wt% 'to'about 2.5 wt% of 3,5—di,—t-bu_ty| 4-hydroxy phenyl propionate
Hindered phenol and a major arho_unt of at least one Group li and Il base _oils. _
Ih a second aspect of this invention, there is provided an additive f_drmula'tion o
.éomprising the hindered phenél. a_cco'rding'to the first aspect and one or more
dispersants, one or more detergents and one or more wear inhibitors. -
| Ina third aspect of thié ihventi,on, there is provided a methdd of makin_g'the
: Iubricatihg oil according to the first aspect by combining the hindered phenol _
- according to the first aspect with the base oil according to the first aspect in any order -
" and mixing. ' ' | o :
I’ a fourth aspect of this invention, there is provided a method of lubricating
| eng'ines comprising Iubricating'one or more engines with Iubricating oil comprising -

__the hindered phenol according tq the first aspect.
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In a fourth aspect of this invention, there is provided a nmethod of
| ubricating engines conprising lubricating one or nore engines with

| ubricating oil conprising . the. hindered phenol according to the first
aspect. -2 In a fifth aspect of this invention, there is provided a .
| ubricating oil conprising a major anount of at |east one of Goup Il and

1l base oil and a nminor ampunt of 3,5- di -t-butyl 4-hydroxy phenyl
pr opi onat e hinfiEieapppate dhis yentioan BisroisareNidedie luricating-oiliiognprising

(1, 1- dig ey aniu b at feadY S OMGroufi-nd l@&%??ﬁﬁﬁhorﬁ%%bf gD a sixth

aspect of this invention, there is provi of "l'ubricating
engi neditbpt Hydipxy shend prapipratechiedaied ehenal benaenenibpansin agidy %1 accor di ng

to the did {1 Ldird&RASth hédrogressa, ' ISl nvention, there is
pr ovi de_cli g et hqdﬂf oryi)lrfe}k?dnrg?%t h.;e.b'l’ g%??ﬁ%dtiﬂ%tegﬁefsléccor ding to the fifth
aspect conprins sgh @spgst af this inyantinn.theieds proyided @ mashod oftubfieating one of G oup

|1 and enbind3smpRiihg kBn@BiNdIhE BhaiRodilid msﬁcé@g%ﬂa%k&l}a&@ @ tehin OF this

i nvention, there is provided an additive fornmul ation onprising hindered
phenol 3Be®rding to the fifth aspect; one or nore dispersants; one or nore

wear | i bl siovait] aBbodt @R e B, Ml QRN RIecAntHdkabFnaRf penat e

detergents. In a ninth aspect of this invention, there is rov?ded a
| ubr i c#¢ lgrigatingYaseerdingdo the fftfvaspeelromnrisiig combinidaithe hiedered mul ation
accor dipRgndIwit 4t 1&is9bhd10PERRB I éH?Piu%atsérBif;i?{ FRUH arff mBng. €aSt one of Group

Il and Il base oil. In a tenth aspect of I's 1nvention,” there is provided
a nmet hod fordnpOSIgGhthasRest of this inviention, dhere furriovided agiadditive fasmutsting

lubric %linBEsihg Pinddtey ﬁ'lengpa%cBHﬁ*lge(g tﬁé‘ﬁf:tmﬁs ntCL Qggtgg g'{dr% Pfsk)%%tai\@g oi |

acdording to the ninth aspect. I'n an el ev I'S I hvention,

t her e P8€ B B\Are wgakinhibitersgandoat leask png of sullenal¢dsalysilate andphiemateon accor di ng

to thedg@egé'g,{fs_aspect, conprisi-ng conbining one or nore detergents; one or
nor.e di spersants; one or nore wear inhibitors; and the hindered phenol in
any order aridaagith agpeplpf this inventiorthierelisipravitiedh fubkicating @il icompridiy S . ‘ '

i nvent} [ I ONEE [ g Qi . I.slig. .. about 1 wt. %
to aboﬁ?‘-ﬁ‘ goh&ﬁé@;tg}? tr%né?ﬁgggqn%ﬁéj Ié(ﬁaé Sg?éﬁgﬁ%g?_kﬂea%g%b%t%dtao about 8.5 wt.
% of of@IBAMRINEoRileasyene of Getvpltand Bl bgse ol t 0 about 1.5 wt. % of one or

more wear i fH RirigBspect 8MMtinReroMttherid BrovRiddta detholtfor IdBriating 4 - t - but y!
4- hydr oxy phen¥l propionate :
natural gas tueled engine comprising lubricating the natural gas fueled engine with

the Iubricatin_g oil according to the ninth aspect.
In an eleventh aspect of this invention, there is provided a method for making
- the additive formulation according to the eighth aspect, comprising combining one or
. _ more deterge'nts';. one or more dispersants; one or more wear inhibitors; and the -
. hindered phenol in any order and agitating until mixed,
- In a ‘twelfth aspect of this_,__ invéntion, there is providéd a lubricating oil .
comprising: _ _
. about 1 wt._ % to abo_ut 8 wt_, % of one or more dispersants;
about _1 wt. % to about 8.5 wt. % of one or more detergents;
~about 0.2 wt. % to about 1 5 wt. % of one or more wear inhibitors ; o
_'about.0.6 wt. % to about 2.5 wt. % 3,5,-di-t-butyl 4—hydroxy'pheny| propionate
hindered phenol [benzenepropanoic acid, 3,5-bis (1 ,1-dimét'hyl-_ethy,l)-4~
- hydroxy-, C~Cy brahched alkyl esters); and " |
- about 6 wt. % .to' about 97 wt. % of atleast one of Group Il and Ill base oil. |

—2a—;_



hi nder ed phenbl . [ benzenepr opanoi c acid, 3,5-bis (1,1-dinethyl-ethyl)-4-
hydr oxy-, C7-C9 branched al kyl esters]; and about 6 wt. %to about 97 wt. %
of at least one of Goup Il and Il base oil. -2a-, In a thirteenth aspect
of this invention, there is provided a nmethod for |lubricating a natural

gas fuel ed engine conprising lubricating the natural gas fueled engine
with the | ubhicideBAthCished Hidinl&nto { n a fourteenth
aspect of this |nvent|(§;|rﬁ)e e#erns pﬁoggﬁaEwﬁBWHQ%QEQ§§5$%%UC|ng oxi dati on
in an ilWbrigatiag aé@%@ﬁ%é@ﬁ'@ﬁgﬁm@e opinerisinmiubricating the eaturalggs fueleshgi ne with

a conpqg ﬁdeqmmgmmr&hmg&r&ccwr gfetﬁewﬁr(%e&e& 5, -di-t-butyl 4-hydroxy

phenyl proplonate hi nder’ed henol [one or nore hlndered phenol s of the
gener al forriﬂlaefOU@enﬂ)@anCt Omswnm ti=re iRprovvede metRonf eed@zing9 al kyl

group] EQEQ { nd L1l hase oils.

In a fi e a'{s){g{a prh}bﬁlgtéoq‘l eh\?entl .&Q%?r%én% 65’;% tbn\% e ‘g@] of an
antioxmjmp@}l@nmwnpglsmg06wt%t025wt%of 3,5-di-t-butyl '

4- hydroxy p o/ PI-OBi=0, red

onenol o of "GPP B8 S B 4 ARRT i pRBR AR EE, o1 1 R
is a Cmoldbrkqbrmgreo‘upqerad\dha\qtapfdhegmmfouhum | east one of Goup Il and
11 base oils, to reduce oxidation in an internal conbustion engine. The

| ubri cating oi I di scl osed herein may conprise a mnor anmount of one or nore -
hi ndered phenol s of the general fornula: -ZbTO "1l HO.OCH2 CH2 COR

) HO

wherein R is a Cr-Cy al'kyi group]

and a major amount of at least one of Group Hl and il base oils.

C o R

Ina flfteenth aspect of this. |nvent|on there is provuded a use of an /
antuoxudant system oompnsung : :

0.6 wt% to 2.5 wt% of 3,5-di-t-butyl 4-hydroxy phenyl propionate hindered .
phenol [one or more hindered phenols of the general formula:

O\ . I

wherein Ris a C-Cy alkyl group]

~anda major amount of at least one of Group II and [l base oils, to reduce
oxndatlon inan mtemal combustlon englne '

~ The Iubncatlng oil dlsclosed hereln may compnse a minor amount of one or more
hlndered phenols of the general formula '

. -2b-



wherein Ris a C7 - C9 al kyl group and a maj or anount of at |east one of
Goup If. [if and. IV base oils. Mdxre specifically, the lubricating oil of
--- conprise about 0.20 wt. %to about 3 wt. % of one or nore hindered
this. general formula. Liquid hindered phenols are preferred. One

enbodi nent of -2c- . the lubricating oil disclosed herein may conprise one
or nore nol ybdenum oxi dation sulfide inhibitors in an anpbunt no nore than
0.5% wt. Unless otherwi se specified the term"wt. % as used herein neans
wt. %of lubricating oil. One enbodi nent conprises a lubricating oil
according to the first aspect having a total base nunber of about 2.15

m | ligrams Potassium Kydroxi de per gramof saffple (ng KOH/ gr) to " about
8.88_nmy KOH gr as detéNyned by ASTM D 2896. e enbodi nent conprises a

| ubricating oil % ng

ﬁﬂh content of Yabout 0.10 wt. % to about
1.50 wt. %as determr ' 'EB?ZLHLﬁb‘I‘T&:aT‘i*rTg(bi‘r—diFscl osed herein
may have | ess than 40Q8 ppm sul fur. One enbodi ment conprises conbining the
sai d hindered phenol with the base oil in any order and m xing. Another
enbodi memhecaini 266, & CEalkpg®Bp | ubricating engines conprising contacting
one or r r§.en ines with the Tubricating oil. Lubricating oil disclosed
herein nfy éJH%Pf apoynkaf 2 leasienn olfBraup I, #hand dWdbask oiler dhgpel |, 111 and |V
base oi | sparsticallfitAe tutiHERY f ¢3, 5-di-t-butyl. 4. yphenyl propionate’
(al so kn(%/n as g]enzenepr og r??iog..aci d, 3,5-bis (i%g%gogffmst hyl - et hyl ) - 4- ;
hydr oxy-Y-28rdtc% teabesth avta Pk of ons benwie hinvercw . « this

3, 5-di - tqdefer: 4 r0Gi nnam ¢ id, C7-C9 -branched al kyl ester)
havi ng tEe ﬁ%ﬁuuéeaéwdﬁﬁﬁ%%fmg a’El%?afcieE'_ffli- e gmbodiment 8€ed herein
may conprise about 0.20 wt. %to about 3 wt. % 3,5-di-t-butyl 4- hydroxy
phenyl propionate, preferably about 0.6 wt %to about .2.5 wt. % The

3,5-di- t-butyl 4-hyroxy phenyl. propionate may be |iquid. One enbodi ment

may conprise an additive formulation conprising 3,5-di-t-butyl 4-hydroxy
phenyl propionate; onie or nore dispersants; one or nore wear inhibitors,;
and .one. "or nore detergents. Lubricating oil disclosed herein may conprise
about 1 wt. %to about 8 wt. % of one or nore dispersants, about 1 w. %
to about 8.5 wt. % of one or nore detergents, about 0.2 wt. %to about 1.5
W . %of one or nore wear inhibitors, about 0.5 w. %to about 3 wt. % .
3, 5-di -t=butyl 4-hydroxy phenyl propionate, and about 40 wt. %to about 97
w. %of at |east one of Goup Il, 111 and IV base oil or preferably about
80 wW. %to about 97 wt. % of at |east one of Goup Il, Ill and. |V base
oil or nore preferably about 60 wt. %to about 97 wt. % of at |east one of
Goup 11, 111 and IV : -

3o



base oil. -3 Lubricating oil disclosed herein may conprise about 1.25 wt. %
to about 6 wt. % of one or nore dispersants; about 2 wt. %to about 6 wt.%
of one or nore detergents; about 0.3 wt. %to about 0.8 wt. % of one or
fore wear inhibitors, about 0.6 to about 2.5 wt. % 3.5-di-t-butyl

4- hydr oxy phenyl propionate and about 40 wt. %to about 97 w. % of at

| east onéhelubpaling ofl discloped hergin way se@pHse ons offiere melypdaryp) 9X'%ﬁ‘5t§>ﬂt 60 wt.
6/6 to aph@db lrﬁﬂblt{‘ﬁs ln%h(?;mcﬁfnt h@ﬁﬁreﬂ% d)f)%@toﬂﬁle&% oth'eMlsé‘QEedlf}édQﬁée oi |.
DETAI LED DESCRI P I NVENTI ON Thi's 1 nvention provid | 'ubricating
oil - thaﬁefﬁhWb"é ageaeq 'T'ﬁfe'&rwe@@gﬁ"n% °f luhricatingeil. ﬁ%r@enmqmeu a

surprisi '&Qhﬁbnewlt}bh&ﬁlnﬁ'{w Rct&aingdo the fspeE@avitita {dt@ lhade nGBBéP& The

| ubricati ng ol | - hi s™i nventi on my conprise one- nor e of
hi nder ed apﬁ%témw@mﬁ FetpssbimeHydraxide eepalem of sample ém@l KOW@fAé@ 0| | s. A

Dr ef ef r edphily b figiSHA b efatetrhin%d'bz‘A@TtM BIRE0RBAG SRboANTEH: SbmBAANt  of one

or nore base oil from G oups oug a m nor anount of

hi nder ed a Ibrisating O'HB%‘(FFQ @éﬂalt?éf‘éﬁoﬁtent ouke. ﬁp“ﬁa‘}")dp ahawiuhpo Wt!'\/n"félflii*"used
herein  FRAMSINER Y- ASITWDB%@ t‘.’t@bnca@ 813?!%&&6% HE&IR may B less s 4666 d-

herein neans | essS than nbodi ment of “this I nvention-
conpri se@pemsvéfua|anbqswnmtapmﬁse$:@¢mbm@9rt@e aid hinderast phepp! wittethei nder ed

phenol s BeS6 b thy Wit dh g PAndiRECemBbARERRMsc BindthodBf © det ergent s
and one or nore wear inhibitors. A preferred | ubricati ngﬁm of this.

i nvent i oMbAEFNGUIRSINes COmPRSING coRIasiing onexer mereengines withdhe &bsigating f t hr ough
G oup..| V. Qdﬁhe&fng%oseefhe%?n%& pris@hb majbearAcGht ok YEiebSrdnd! éﬁt i ons

conprising the hind henol s deScri bed heréin, one or nore detergents.

one or rreupiil éﬂ@ﬂ%\ﬁb@swuaram@ miporaseunhehs, 5-dit-hriybi-hudroxyphiesyher
embodi mept, ?Hnateh{atso' KW%RA s YRGB bSid AL, 'ﬁBtsQQOlenZeégg%‘ﬁﬁﬁ)' &1 ng

additive formulations co r|S|n? t he hi nder'ed pheni her ei n.
91es

Pr ef er r ebiydraky-i €afo htanehed alkyltasiess; andehrdi-ior-bwiy-4chaneXybrdropianamisder ed
. phenol s dgser. b?Sn%nEﬁécP IRy fbr (HAURy the strn&tw& fb%@é%ﬁoﬁé 'L%bhébtlﬁ

forrrulatlon - as a to about 1. %gshinthe
fi ni shedoil gm:lpggi hefglndmay compnse about 0 20 wt. % to about 3 wt. % 3 5-d|—t-butyl 4-

hydroxy phenyl propionate, preferably about 0.6 wt % to abo_ut 25 wt. %. The 3,5-di- .
t-butyl 4-hyroxy phenyl 'pro'pionate may be liquid. One embodiment may comprise an
additive formulation comprising 3,5-di-t-butyl 4-hydroxy phenyl propionate; one or
'rﬁ_o_re 'diepersants; one or more wear inhibitors; and one or more detergents. - |
'Lubriba’ting oil disclosed herein may comprise about 1 wt. % to about 8 wt. % of one

: or.more dlspersants about 1 wt. % to about 8. 5 wt. % of one or more detergents
.about 0. 2 wt. % to about 1.5 wt. % of one or more wear inhibitors, about 0.5 wt. % to-
'abo_u_t 3wt. % 3,5-di-t-butyl 4-hydroxy phenyl propionate; and abou_t 40 wt. % to

~ about 97 wt. % of at least one of Group I, lil and IV base oil or preferably about 80

wt. % to ab'o'ut 97 wt. % of at least one of Group I, lll and IV base oil or more
e preferably about 60 wt. % to about 97 wt. % of at Ieast one of Group I, Mand IV -

: -base oil.



2 and nore preferably about 0.3 wt. % ash to about 0.95 wt % ash in the
finished...3 lubricating oil as determ ned.by ASTM D874. \Wen ash contents
are discussed .4 herei n, the ash contents were determ ned by ASTM 0874. 5
ne enbodi nent of the l'ubricati ng oil of this invention may have a 6 Total
Base Nunber (TBN) of about 2.15 mlligrans Potassi um Hydroxide .7 per gram
of sanple (ng KOH gr) to about 8.88 ng KOH/ gr. A nore preferable 8

enbodi nent woul d have a TBN from about 3 ng KOH gr to about 9 8 ng KOH gr.
Unl ess ot herw se specified, TBNs, as used herein, are 10 determ ned by

th f ' ti
o0, e HEicaH, OpaNLAZEPRercly %’si%TE”Q%%‘S&}‘"m%ﬁ & § a0t B wh gt o0, o
enbodi menenepr maresdispereants oapasib Apvti %ee aheumws"/mf anekdrmepre ldetergents;
lubricati ngut@'é wt. % td Bbout brglﬁpt% 8o or f16reAf rtth GItCII'Q gy bqgﬁf){?tfxt this

i nvention nbi ni ng t he conponents w t tation unt
conponent & %Me%n;\3 Lectitt-bytyk h!é'%@héwl erapionaty ab@ ab@wmm@d% to aboyt 97 der and

at a tenpgg aj o s @yétfdn@o@ BroliP i ahhqv%aw%.u spp%?%s@fé?ggfaga&temg enough

to degrade the conponents. enperature o egrees

(appr oxi rig ahopt %V@eéroééé'e@t Qﬂ? %flf?detlp iplihmw! Yehpsewdl: F (approxi mately 71
degrees C) may be used. Heating nmay occur 20 at anytine during the
process. 21 Anot her enbodi nent of this invention -conprises the nethod of
22 | ubricating one or nore engines by contacting one or nore of the

| ubricating oils 23 of this invention with one or nore engines. 24 Another -

enbodi nent - of this |nvent|on co_rlses t he metl‘ad -(EI EE | ubri'cating one or
more natural gas engiCiEld HPLION OF JHE, e 26 lubricating

oi I's of this i miantdaRudM hvmg l@ﬁne%ﬁﬁ&oﬂﬁ{a@ %e@ﬁﬁ'dﬁ?%ngmeﬁ Anot her
enbodi nent of thi's 1 nvention conprises t od of 28. Iubr| ?(&I ng one

or nore engulrthathgsemmltedatswgﬂ&w@ymﬂgm when tqslw Al 9Ag s 29 of
this inveng wi th one or nore engines. 30 Anot her enbodi ment of this
i nvention 8@13% ses the nethod of 31 lubricating one or nore natural gas
engi nes by | ubrﬂwmbﬁ@tmge)dmfﬂmamweuhon hmy&mphahonealrmlg’emfﬂ@ of this

thi s | mvenbPgRRaEeONGRGEa el AETORBHL T regty pAdE ol U7 "Bas '
fuel ed engpma&aﬂnbﬁmnbw@emmbﬁm eo;ﬁmsysumdjdnmmunt@f eneor
more base oils from Groups [l through IV and a minor amount of the hindered
phenols descnbed herein.. The term “major amount” when used herem
means more than 40 wt. %. The term * minor amount” when used herein means
less than 20 wt. %.
- - Oné embodiment of this mvenuon oompnses an additive fonnulatlon
. oompnsmg one or more of the hindered phenols descﬂbed herem. one or more
d(spersants orie or more: detergents and.one or more wear mhtbltors
. A prefemred lubricating oil of this mventlon may comprise a major amount
~ of base oils from Group [ through Group 1V, a minor amount of one or more of
" the additive formulations comprising the hmdered phenols described herein, |
- oneor more detergents, one or more dispersants and one or more wear

! ._ mhlbutors -
Another embodtment of this invention comprises lubncating oils
oy oompnsmg addttlve formulations comprising the hmdere_d phenols _descn'bed _
- herem ' .
| Prefen"ed Iutmcaﬁng off of this mventxon may oompnse the hmdened

- phenols descﬁbed herein and Gmup | through {V base oﬂs iﬂ a fotmulation
-4



3 used in an additive fornulation with Goup 11, 111 and |V base oils over
that seen 4 when the hindered phenols described herein were used in a
simlar additive 5 formulation with Goup | base. oils or when other types
of hindered phenols 6 were used in a sinmlar additive formulation with
Goup | or Goup Il base oils. 7 The surprising long-life exhibited by the
| ubricating oil of this invention may be 8 the result of a synergistic
effect of the Goup Il, Ill and IV base oils with the 9 hindered phenols

descri hed matmmmm\atwmswgvﬂf%eﬁh iAfthd fidstiddQubtidating bli! 10 and
|V basg oils and the addi ;)gve formul ati on cu@rl Si n t he hi ndered phenol s
11 desdri ¥ merepieferably a “tI03B¢(S_'Ea®"II°a % aghinfbedinisbedi n i s

defi ned asnuanéaagoﬂta%%témmw Onent te?]{ te?gésre% used

herein is defined as .a |ubricant conp produce y a single

manuf aét urf&feﬂoﬂle@h%%\e@ﬁefdei@m!mbxAﬁaéfb@ﬁ%nt of 17 feed source or
manuf agt urers 'W&?ﬁgbméfﬁ&m@‘i@? gngoﬁmlm%ﬁ&ﬁ ha§e al8

speci fication; and s 1dent a product -
i dent i ©i cafqtdrﬁawmbbé(mwrof labout 2. ﬁmllrgtam&@otmyrubd—lyﬁonﬂect ured using a

vari ety of f n |mted
distil I”at |p(§% r%gld:ggéﬁb &Sﬂkm&%ﬁﬁdﬁé‘mﬁoﬁg@ﬂ%&%@&s Hbore(ﬂ(?ft&fﬁpé?l zat i on,
esteri 8i caimbodlm&nﬁwoelddfavalantBrR&befamum’ﬂa KOlafgk tshitsddt be substantially
free fpom nt rodyced throu nuf act,yri ng, contam nation, or
pr evi o%s %b%d}ﬁg?bggltgs%o%ewrs?ﬁpgaﬁﬁquﬁ%r{far?s usgd '%eafﬁny nat ural or
synt haoi Cdelmmm@dbmgsibgsmemelhddﬂasTMmﬂmfjl CI(JI )arl ydt hgse 25 having a

s Centigrade (C)_ and about 26 5

Ki ne |c Vi sc at .100. d

centi okes (c%?‘ft"%/ calieg,et 9§ﬂ§i‘ﬂ"e“ﬁ%f‘@ AV HBiiYF conterfotiessdhanit 27 16
cSt, mnere4p00pphpdi 040Ut 9 cSt to about 15 cSt. Hydroecarbon synthetic

28. 0|Is may i nclude, for_ exa oils prepared fromthe polynerization of

29 et 1Byl ene, fAngther 651%1%5? tis inventionmompsises methadsnf swldrgthesynt hesi s
30_Pr 9 CAWIiRatY s SHRINHBALH HE RBME¥HRAZONIBP RS MUGllioASy 1 2 31

Fi sher-Tropsch process A pre erre ase conprrses little,
i f 325 angombining thercompasentsawith agitation Lietil alifcomppnentsiage motedﬁ Theti on of

b o35 Y B gy BRS04 8 e FOBRRA, °11 I,
m xt ul'és bleaddbe comppnents bubm;éugh ¢nough|t0 degradadhe corapérsents. A
18  temperature of about 120 degrees F (approxnmately 49 degrees C) to about
19 160 degrees F (approxrmately 71 degrees C) may be used. Heating may oocur
20 atanytime dunng the process.
- 21 : Another embodrment of this invention-comprises the method of
S22 .lubncatlng one-or more englnes by oontactmg one or more of the Iubncatmg oils
23 of this invention with one or more engines.
24 Another embodlment of this mventnori oompnses the method of
25 lubncatlng one or more natural gas engines by oontactmg one or more of the
2 Iubncatlng oils of this mventlon with one or more natural gas englnes
3 27 - ' Another embodlment of this invention comprises the method of
28 '-lubncatmg one or more engmes by lubricating one or more of the Iubncatmg orls
| 29 of this mventron with one or more engines.
; 30 Another embodiment of this invention comprises the method of
31 | 'lubncatmg one or more natural gas englnes by Iubncatmg one.or more of the
32 -Iubncatlng lorls of this invention with one or more natural gas engines.
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3 obtained by isonerization of synthetic wax and sl ack wax, as well as 4
hydr ocr ackat e base stocks produced by hydrocracking (rather than solvent 5
extracting) the aromati ¢ and pol ar conponents. of :the crude. Suitable base
0ils. 6 include those in APl categories Il, IlIl,”1V and V. Saturates

| evel s and viscosity 7 indices for Goup 1, Il and Ill base oils are
listed in Table 1. Group |V base 8 oils are polyal phaol efins (PAQO. Goup V
base oils include all other base oiIs 9 not included in Goup I, I, Ill,

O Vo ISUL1 201 rvptacabg ot B b e shOYEA sl g i A >° 1,
EditioR, Anrlemliges fueledengineswharotie. hindesechpenpisdescribed Bewdimamct eri stics of
Group Iyl C#é(\ﬁ%ﬂ ah}{mp ftridtioh S r@@gﬂ?leﬂl Add |v6l§2a's§ﬁ>|u§ oV %(O/%\%ﬁ 13,[ Ereggp 14

L, 1 ase oi sare prefrerre use 'in o _
pref er r=4ed \Glemqhelhmdelred pleeTibld dedesibed betein wane Used i amwdammanbl ni ng one

15 IV, and, V Dcks e oils. 16 17
TABLE 1 160 'ﬁ%f‘@!@‘ bQHR'LRasﬁr?(J?S ?é“@?gc?&%fg?eﬁ oRhidg s1 11 and. 111
Base St60c I«;er@rused uﬁatslrmar additive fonmufatioh mtﬁGrot(ld\EoﬂGkﬁrpm B@gbéilé ASTM D 2007)

(As de er ned b in) 4294, .ASTM D 4297 As determ ned b ASTM D

2270) ﬂ{ee%)g' wﬁgﬁydbe bibecating.ailal ﬂaﬁmveﬂ tieg gy de t han

G eat ers thﬁeréyulteﬂuelynérgrsu&eﬁ@a%tf% ebtid‘pur uBQndinﬂbésf‘eSéust\bﬁ{‘u%ZO 11 Geater

than or. equal to %saturates and Greater than or equal to |ess than or
equal Po dlirered Bmﬂ(ﬂﬁ degsribad heeein andfana syrergistic effach ob et(ﬁmﬁlpdr llkqual to 90
% sat ypat tHeAdY gﬁﬁ? Jo%% to 0.03%

sul fulribzo%g?vql\l)g%r%ﬁ# §I:i(zjbrl cgrafvng o] Igﬁdr?r}ay [ r?glrﬁggeg'm rra | S, vegetable

oi | s 2% (dlegcrbaddipseibed oils, castor oils and lard oil), petroleumoils,
m ner oils, and- 23 oils deri ved fromcoal or shale. 24 Synthetic oils
may i nclude. hydrocarbon oils and hal o-substituted 25 hydrocarbon oils

such 48 pdl yrreﬂk&b'dound i nter-pol ym’eri zed ol efins, 26 al kyl benzenes,

pol yptﬁnyl S ab@éé ‘dn tgs!e%q'nee%m i§ tdg fined a$ la Lg Es Cci;kcci)lr %Peenrdy(lzf base
15 . stocks. Base Stock as used herein is defined as a lubricant component that is
16 produced by a single manufacturer to the same specifi cations (lndependent of
_17 " feed source or mahufacturers_ |6cation): thaf meets the same manufacturer’s |
18 specification; and that is identified by a uniqde formula, product identification
19 number, or both. Base stocks may be manufactured using a variety of
' _20 different p‘rocesées including' but not limited to distillation, solvent refining,
21 hydrogen 'pr'oces_sing;_ olfgomerization, esterification, and rerefining. Rerefined
22 stoCk-shall'be $ubstahtially-free from materials introduced through
23 . manufacturing, cohtaminatiOn or previous use ‘The base oil of this invention
24 maybe any natural or synthetic lubricating base oil fractlon particularly those
25 havinga kinematic viscosity at 100 degrees Centigrade (C) and about
: 26 5 centistokes (cSt) to about 20 cSt, preferably about 7 cSt to about
27 16 cSt more preferably about 9 ¢St to about 15 ¢St. Hydrocarbon synthetlc
28 oils may mclude for example, orls prepared from the polymerization of
29 - ethylene. ie., polyal_phaoleﬁn_ or PAO, or from hydrocarbon syn_thesrs
30  procedures using carbon monoxide and hydro_gen gases such asin a
31 Fisher—Tropsch prbcess A preferred base oil is one that comprises litle, if
32 any, heavy fraction; e.g., Ilttle if any, lube ail fraction of viscosity 20 cSt or

33 hrgher at 100 degrees C. -
o -6-



-7 1 sulfides, as well as their derivatives, anal ogues and honol ogues
thereof, and 2 the like. Synthetic lubricating oils also indude al kyl ene
oxi de polyners, 3 interpolyners, copolynmers and derivatives thereof wherein
the terminal 4 hydroxyl groups have been nodified by esterification,
etherification, etc. 5 Another suitable class of synthetic lubricating oils
conprises the esters of 6 dicarboxylic acids with a variety of al cohols.
Esters useful as synthetic oils 7 also indude those made from C5 to CI12

monocaripoxyl i ¢ aRj &&se@ﬂn@ﬁb&@bﬁv@ﬁom&md@@@%a%’i}ﬁg’ ?ﬂs E{/ﬁmﬁwy' phosphat e
ester 0|Is such, as .t hose exe tri- te and

tri-isd bdubricalingaisef @'éﬂ@sgﬁg@oélﬁlﬂté !eeb&&ﬁmugdudgs bQSB B@g@ oils. 11
Si'|'i cory bagigingd b§ |§o?h@ﬁkaﬁ§n§h§yrﬁﬁ QAN aT\dQ a¥<lras V\Re‘ﬂ al koxy-, or 12
silicat conpr

pol yaryl oxy-si |l oxane oils an e ol se ano her useful class

of 13 %yrhméck% base stosks Dmdyce@hbvdwpmdh}@ (cathebthiaoaoivegt oi | s i ndude

!tle'fI lrjiaﬂydro uran r]g‘B tH %}ﬁ%@;ﬁ e‘??l%'g&;rﬂﬁi}{%gfﬁg (Eéjlé/%i)lecq%g %'gse oi |l may

be der ﬁmdnﬂmberﬂmsee«ﬂ N?dzdategeﬁemﬁd]l t*\eamad Vo &dturates lewsls add wmwr es

thereof tai ect a natu source or 18
synt het'i CL@(Q) ??3'88"? '@ ﬁ'b%"‘f’?gl 'gfﬁ‘é%ﬁ t@ﬁ‘@tﬂ out furt her
19I pg B i8f i |b agill | law pot_yatphl?leﬂnsl(PA(E)( @mhesv @ésmrsaﬁuueél aftiottferibagé lbd@ a Is hal e
Oi obt aij, ne ir.e r a . letorting opera a petrol eum oi

obt ai néd d]ortf-fhcﬂf‘%d r?%%ﬁn ﬁr‘Lt‘W ‘i"Eﬂtl?'e g? ﬂ"%}é‘fgﬁeéﬂ thishventiosd directly
from an edacidd hoskiwAPPEARESSes Il aa anaal af deinedlin APY PuBfichtief used wi thout
further trg@% ‘?t}g efl ned oils are 23 simlar to the unrefined oils except -

0

that rdfirh » hddandym d; Recambeytd98 A ssimmaryeofdhe fi cati on steps
to I MROY GhaRRIEHSHEDLECRIRPE!IH RS w%ébégh'.@ @E3ehitdd Jﬂ%gié b6 gﬂhm ques
I nclude distillation rocracklng eat 1 ng ewaxil sol vent
ext r adBi oerHE|"d"b¢"<baééa®<@llseﬂf§|m¢feﬂﬁdIf@l'rléﬁe lOrthlSamMBntlzﬂl tbeseol ation, all
of whiygh t e 28. are
obt ai r%gd y&? ﬁgﬁﬁ}ﬁw" e Tv;ﬂ)élér’i:’ (glrso'@% g?ééa&eﬁg&%?w&og %s"éd to obtain
29 thdSreﬂmore@fGrbeplThdidemde\f bamjstocksoabasead)ilso- known as reclainmed or 30
reprog ﬁssed oils and often are additionally processed by techniques for 31
removal of spent additives.and oil breakdown products. 32 Base oil derived
from 17he hydroi sonmeri zation of wakA g1a| so be used, .,33 either alone or
I n cor{‘gl nation with the af oregaiurapes fur %/ or synt het | C base

' an

19 : Vlscos1ty Index of Group |, Il and lll Base Stocks
Group . ‘Saturates ' : Viscosity Index
(As determined by ASTM D 2007) (As determined by
_ . Sulfur . ASTM D 4294, ASTM D 4297
. _ _{As determined by ASTM D 2270) or ASTM'D 3120)
1 Less than 90 % saturates and/or Greater than | Greater than or equalto - -

10 0.03 % sulfur : 80 and less than 120

i Greater than or equal to 90 % saturates and Greater than or equal to
! less than or equal o 0: 03 % sulfur 80 and less than 120

- W Greater, than or'equal to 90 % saturates and | Greater than o‘r-equat fo 120
less than or. equal to 0.03% suffur C o '

20
21 Natural lubncatlng ouls may include animal oils, vegetable ails
k 22 (eqg., rapeseed oils, castor oils and lard oil), petroleum oils, mlneral ouls and
23 . oils derived from coal or shale .
24 Synthetlc oils may include hydroCarbon oils and halo~substituted '
25 hydrocamon oils such as polymenzed and inter-polymerized olefi ins, _
26 _alkylbenzenes polyphenyls alkylated dlphenyl ethers, alkylated d:phenyl

-7-



-8 1 oil. Such wax isonerate oil is produced by t he hydroisonerization of
natural or 2 synthetic waxes or m xtures thereof over a hydroisonerization
catalyst. 3 It is preferred to use a major anmount of base oil in the
fubricating oil of 4 this invention. A nmajor anount of base oil as defined
herein conprises 5 40 wt. % or nore. Preferred anmounts of base oil conprise
about 40 wt. %to 6 about 97 wt. % of at |east one of Goup II, IIl and, 1V
base oil or preferably about 7 80 wt. %to about -97 w., %of at |east

one of & oy@filiés, dslvelbdith Stivels| u Ow. %to
about 97 wt Ok)osf ast ?east b}c')lr(i%ﬁ g .aﬁél dpégﬁt% %ﬁ&sﬁ% @egmeé%(?l V\henO
e

w. %i% uliedikgeSynipetic Nbﬂgaqf&@brﬁ%lﬂcbl tadkylene oxdepolymers,ubri cating oil
unl ess pth ApSETRRE, of this '
| nvent |3(;n P conpri &Bgﬁﬁoﬁl@%&&@éﬁéﬁg{w% ﬁ{l@gq‘%ﬁﬁ%‘ses about 85

. % 4o bx%'gxy'%oms haxedieentmaodified by asstarificatidn, eﬂﬁnﬁcalmf etcced |ubricating
0|I of 4 hi 11.base Preferred base
oils: magy cénn%irﬁllégg&' ase og? 8{’%}%&&% l@rﬁ%&p&o&{f P?mg(}%ﬁ’ﬁ 'g'ﬁleéte SPE from Chevron
Cor por &t i odicarboRgic &Radowith Galarietyrofisdcohbls. %muséfu&@kﬁﬂh&kﬁét& Conpany in
Houst o ust on, 7 Texas,. |va Ent r| ses in
et o TE38 TnoidB G0, bihdeitiih ua cif mbagaso eiRand
Lubr i caht spolyolMtiseriss Sr-atigl ptﬁﬁp&ét@é@fﬁ@sucﬁd&&ho&@éﬁamélﬁie@'ﬂys useful in
this i ventlo_B &E be cge £l al I%@ﬁ g bl e throughout the. 20 world from
other Base' é’b‘?ﬁp@f’ arﬂ n-is pyo freplsespitahiatorage as 23 wWien
I ncor pay atlegkd dilsl ubri cati ng oi I the additive forrmulation of this '24 _
i nvention provides enhanced OX|dat|on inhibition, nitration inhibition,

total Hase 25 SWGQERISSH oilsdsuph anihe polyakyl, palyant polyalkexyr.afuct i on per cent
vi scosjt y Wf?@%?—&l@)@n%fodg%H's‘ﬁﬂ?aié‘gilsg'cbmpi% Qﬂgth PROSH GRS 8ff t he '

additi.ve for tion of this i nvention nprise one or
di speri3antsynthstie |@"Q¢ﬁﬁ@0t!%t@hgémhemebmanmgrQﬂSMde lR@rid ei;tlem t or s and

one o R BG4S AR P oo S AR, 10
| ubri d&t i mpdothe likgét h about 1 wt. %to about 8 wt. % of one or 32 nore
LSRRG o oM o e RIS 8 O e
about 17  mixtures thereof. Unrefined oils are obtained directly from a natural source or _
18 ° synthetic source (e.g., coal, shale, or tar sand_ bltumen)-\mthout further
19 purification or treatment. Examples of unrefined oils include a shale oil
20  obtained directiy frbm_ a retorting operation, a petroleum oil obtained*direcﬂy
21 .fromd_i_stillatibn. or an.ester oil obtained 'd_irectly from an esterification process,
- 22 eachof wh_ich'may then be used without further treatment. Refined oils are
_'_'23 ~ similar to the unrefined oils except that reﬁnéd oils_havé been treated in one
24 or mo_r'e_ purification steps to improve one or more properties. Suitable
25 purification teChniques includé distillation, 'hydrocracki'ng, hydrotreating;
26 dewaxmg, solvent extractlon acid or base extraction, fi |trat|on and
27 percolatlon all of wh|ch are known to those sktlled in the art Rereﬁned oils
_ 28  are obtained by treating used ouls in prooesses similar to those used to obtam.
29 the refined oils. These rereﬁned oils are also known as reclaimed or
- 30 - reprocessed oils and often are additionally processed by techniques for |
. 31 removal of spent ad_ditives and oil breakdown products.
32 . Baseaol derived from the hydroisomerization of Wax may alsobe used,

. .33 -elther alone orin oombmatlon with the aforesaid natural and/or synthetic base -
-8- : : '



-910.2wm. %to about 3 wt % of one or nore hindered phenols described
herein. 2 The additive fornulation of this invention nay al so conprise
other additives 3 traditionally used in the Iubrlcat|ng oil industry. 4
Anot her embodi ment of alubricating oil of this Fnvention may conprise 5
an additive forrmulation that provides the lubricating oil with about 1.25
w %to 6 about 6 wt. % of one or nore dispersants, about 2 wt. %to about
6 Wt %of 7 one or nore detergents, about 0.3 wt. %to about 0 8 wt % of

one or r i nhi bltor and ,abo Y% to about 2. % of one
or rmreinr)n ﬁﬂfa‘?‘\é‘\%awa’é'sﬂwg%?g &Q'PFPB%ﬂBhBWé?V\rgm' Z‘E‘!ﬂﬁ)‘dﬁ@%@' fke up one
enbodi nent sprithetidwhkes adﬂiktumeﬂfeaédmiveiahpd@isdmr&awweafdm- The additive
f or mul hi s invention may al so_conprjise other additives

f
tradi tla%lnglnl 3 us PP "Pﬂéo bR majen drgount of Base ol tae lypricatingreibofiddi ti ve

formul a4 i Othl@hvérlitio‘n AW@&érﬁ&Wbﬁ%la§§etﬁiédqﬁé?ém%h§)dsEs' s 14 known in
the art to 9| luent oil to additive fornulations and this is called 15

Strimm Whe?o i are. Brefered ampuots ofhaweﬁeqme@seemumm %tay be trimed
16 wi t he a”ﬁbéﬁt's#%" %Bflat fe‘é@t&%+ﬁ’6f6§ Fancﬂy bél‘ettﬁ{dr re%paﬁ Qt)J)ﬁtem ol |
cﬁ e oi | may

may be'a 17.Goup | or above oOi erre amoun
conpri s& aBOmt. %igahOlG@ﬁMf %Ofmleagbome of-Bradpribdl and Robagaod oxi dant ™ . 21

. One enpodj B ﬁgng e hindered 22
phenol s . havi ngbc[eﬁgeraﬁ'ghg?lgl for n/ﬁfz)a bt)‘?& (q??’t %fg% 2 CH2 COR 26
P8. Gengr l6ilth apd \sbaseGil. (WEBn altiplis gsemnereﬂertTélmfémhglt@atl ng oil of
thISI e the additive f I on of this invention
t hat p{radvr‘é{sﬁf) f“lms‘ubg‘rglmi@(?ﬁ 13¢5 © WS%W%%Z r(%qrs eg5dut 31 3wt.. % of
on€ orllrmrenbodldmnwthbmhﬁorhamy@mdneegﬁmﬁcﬁlnt&fbawbi[@zbt forml a gglt n
(1). eferred. | ubricati ng,, S t I.on conprlse an additive
33 f orirﬁJI aﬁwseﬁﬁ&f"‘. o‘%g?{‘e tﬁté‘?%ﬁﬂ‘& Z‘atf%?f‘gmbﬂ?atlﬂgt l-about 0.6 w. %to
about 13 - A preferred lubricating. oil of this invention may comprise Group |l base ' '
14  oil. Preferred b'ase oils may comprise base oil that is commercially available
_.15. from Chevron Corporatlon in San Ramon Calrfomla
'16_ Pennzoil Quaker State Company in Houston, Texas Conoco in Houston,
17 Texas, Motiva Enterpnses in Houston, Texas, ExxonMobil in Irving, Texas -
18  and Petro Canada Lubricants in Mississauga, Ontario Canada. Other base
-~ 19 oils useful in this invention may be commercially available throug_hout the

120 world from other base oil suppliers.

21
Coo22 ADDITIVE FORMULATION
' 23 o When moorporated in Iubncatlng oil, the additive formulatlon of thls ;

24 mventlon provrdes enhanced oxidation inhibition, nitration lnhrbltlon total base
25 retention, reduction in acid formatlon and. reductlon percent vrsoosrty lncrease _
- 26 of lubncatlng oil.
27 ~ One embodiment of the addltrve formulation of this mventlon may
28 compnse one or more dlspersants one or more detergents .one or more wear _
- .29 mhrbrtors and one or more hrndered phenols descnbed herein. _ |
30 ' The lubricating oil of this lnventron may oompnse an additive formulatlon
- 31 that provrdes the Iubncatmg oil wrth about 1wt % to about 8 wt. % of one or
‘32 more dlspersants about 1 wt. % to about 8.5 wt. % of one or more detergents _

33 about 0 2 wt. % fo about 15 wt % of one or more wear inhibitors and about -
_ | ] 9 ) _



10 1 2.5 wt. %of one or nore hindered phenols having the general
structural 2 fornmula (1). 3 Another enbodi nent of the l|ubricating oil of
this invention may .4 conprise an additive fornulation that provides the
‘ubricating oil with 5 3,5-di-t-butyl 4-hydroxy phenol propionate. The

hi ndered phenol, 3,5-di-t-butyl 6 4-hydroxy phenyl propionate may be .
avail able commercially from7 G ba Specialty Chem cals at 540 Wite Plains
Road, Tarrytown, NY 10591 as 8 | RGANOX L135(r) or Cronpton Corporation at

199 BengongRogds, rder)PS-48. .1 RGANOX L

135(r). gndoio 'N;{u%a% r?%%?gﬁé#%oﬁ?&@e&%‘ﬁ@?%&%%ﬁ Ji& e Bhenol i ¢

ant i oxi dantThe gdditivel forpulatiom of this invention mdyealso bompiise ather %dditvesof C7 to C9
' oils. 13 . Liquid hindered

al kyl oupSqi: ' | ubricatin )

phexol g{gs g?‘é g’ﬁar“g?i'geqﬁl Téﬁfbl"jégﬁ'?%%‘ '83193% this invention may conprise

gr eat er4t han abfuatheri@nbBodiment o4 ttjbﬁdﬁ_ﬂr@-dih@ﬂ'th%bﬁ&énﬁ%n%ay'%rfﬁp@she di -t-butyl
4- hyd VAN ' . . Pref d lubricati il this S
vent i on 38 At oalBFor Bl Biovidef i ublipatos aidin %R e25 W % 8 di -t - buty1

4- hydr oy pbeutBiwip¥ogfionear enore disheRits, 8@l 2 AW Sballt 63w %slbr t - but yl -
addi ti onal t;{)})es of hindered phenol s
i‘e

4- hydr o henyl propionate or  .1.9
or g-t F]e' ya ??68%8'%&?@8&%9%@*&%8-4%72@3%14%% ofpneef mefe t he .
3, 5- di -8 --bweat inKibieyrs bAY MBIREDNE W% aBBAL LS W b6l dtOnBEt fnord hitidred! & OUP -

I, 111, and IV. . that may be _responsible for the surprising antioxi dant
prop ti&?'}?}/%%ﬁﬂﬁ%p herein. These cemppneatsimake gp opg embodinerafer gent 25

Anydet gy 0ethb addRNERSHNG s b tisR HHA L i e used. in this .26
i nvention. These d_etergljée{%tﬁ;bfﬂil |%U%hﬁsa'$ not (@éév%vfg&%tgggod‘ %‘:‘ﬂ‘grgents or they
27 'maylle invsation smayralso comprisengther addities draditionaliydusket intiyeibsicatingr  exanpl e,
28 detgy gegitisa@inyt his invention may conprise sulfonates, salicylates and 29
phenat es. tal sul fonates, salicylates and phenates are preferred. Wen

the 38 ter m ndtheladdiive Serchulatioh of éipwention mu Compties dilgst o Mt 8t es and
phenatgs Tl CH ers to calciu nesium. lithium mnagnesi um
pot 'a_ssﬁumngﬁg}"?)%meugrﬁ fo-af{iﬁ;' “?ﬂ%o'ﬁt&ayﬂa'gﬁ%'ﬂg?%wsi%é@lﬁﬁ ealled into the
| ubr i dét i finmingbthetddiditive formulation. A preferred embodiment may be trimmed -

16 -_ with any diluent oil typically used in the -ind__ustry. This diluent oil may be a

17 Group | or above oil. A preferred amount of diluent oil may comprise about

18 4.00wt. %.
19
| 20 - A, Hindered Phenol Antioxidant _
21 - '._Qné embodiment df'this i_nv_entioh comprises one or.more hindered

' '_ 22 .p'heno_ls. having the general formula:

B o S

B HOCH2 CH,——C——0——R

o . o (-

. 28 wherein R is a C; — Cg alkyl group. - ' '
29 - The lubricating oil of 'th_is.invehtion_m'ay-compt_isé the additive formulation

30 of this invention that provides the lubricating oif with about 0.2 wt. % to about
31 | 3wt. % of one or m__ore hihdered- phéndls -ha_ving'the ge_né:al structural fofmui_a' :
32 in(1). Preferved lubricating oils of this invention may. comprise an additive
33 formulation that provides the lubricating. oil with about 0.6 wt. % to about

_ 40 o o



- 2 invention in an anmount of about 1.0 wt. %to about 8.5 w. % preferably
from 3 about 2 wt. %to about 6 w. % 4 5 C. Dispersant 6 A preferred
enbodi ment of the lubricating oil.of this inventieon may 7 conprise one or

© -more. nitrogen containing ashl ess dispersants of t he type 8 generally
represented by succinimdes (e.g., polyisobutylene succinic 9
aci d/ anhydri de (Pl BSA) - pol yam ne havi ng a Pl BSA nol ecul ar wei ght of about
10 700 to 2500.). The dispersants may or may not be borated or non-borat ed.

11 - The Cb§ﬂﬁr%36fton@%hﬁ8re'ﬂmr&9{>ﬁérﬂisﬁ @&E‘;ghaargﬁgﬁm.ap oi | of this

I nvention in 12 an anount of abou nore preferably
i n t he 2andampula{t). of about 1.5 wt. %to about 6 wt. % 14 Preferred

di ts f r

G 2ber Tnt o, " hiavidihr hEREALATIAEEHIS FHGIIELS . 1500 (o abou
16 500@ Mmﬁgaﬂadmmmdaﬁmmmappmmhmwbaomr{g%% havi ng a nmw of
about 17 are such ferr preferred
di spersantslg%g{'-hﬁtgﬁl?%&é@@ﬁe '}P%O'd § -El?e h‘B‘ﬁ ﬁ&'}e&sﬁ'l&@g‘fﬁme term
"succi i6i ni4dkydrogy ph@h;n' ptamhait@mdymeamrauweloaatmderanﬁWm 20f of t2 rlre ani de,

m de, eci & at .are Qr e _reaction of a succini c
:anhydrr’/de%W?% | "H%S?E}’%gv‘;&'g@ﬁ éroﬁg TemtowayilAgR! as22 product,
howeves, uaesmmxm.nss@e:rmrrrpmrﬁcé@bmdaa%thggime%&enala&y accepted 23 as

meani n 3@3 gduct of a reaction 0 Ny or alkyl: substituted 24
succi nPc difdle PWamM7@@W?W%d@8§MR@A EEApp®and al kyl succi ni ni des

are .3 dlmgampsmswamm@@&ere%u%w éﬁolu V%Jubnﬁat s f§in the

art. Certain 26 fundanental types of succin es an rraterlals
endoniss &mja (Faboze, WherimR inamixurof Gi i Gealkylgroupsighusé in U S. Pat

99 8,250; -28. 3;018, 291; 3, 024, 237; 3,100,673; 3,172,892;
3; 219%%66?‘&%@%&“32 ; 29 3,361,673; 3,381,022;:3,912,764; 4,234, 435;

4,6121332; 4, mmuwnde@@ mhenolis poaferréd.241, 003; 5, 266, 186; - 5, 286, 799;
bt Syt o o T T
conprilSe Orewbr% twnors thearn abaut Gaet, %/d\6ati-t-iayy Baydbxgiphbayl a. nono or
bi - SYgC! Bidfi6lfate Blefert G fBHARg TRY of BPIESidh LotRbiseiolf ©'!
17 © 0.6 wt. % to about 2.5 wt. % 3,5-di-t-butyt 4-hydroxy phenyl propionate.
18 . Additional amou_nts-of 3,5-di-t-butyl 4—hydroxy phenyl propionate or
19 . additional types of hindered phenols or other antioxidants may reduce the
: _.:'20 ) synergistic effect of the 3,5-di-t-butyl 4-hydroxy phenyl propionate and the base
.21 . oil of Group i1, l.and lV that may be responsrble for the surpnsmg antioxidant
- 22 ..propertles presented herem in Examples 1 to 6

2
24 B. Detergent
25 Any detergents oommonly used in lubncatlng oils may be used in this -

B 26 B invention. These detergents may or may not be overbased detergents or they
":’_27 - may be. low, neutral medium, or hrgh overbased detergents For example

- 28 'detergents of this invention may oompnse sulfonates salicylates and

29 phenates Metal sulfonates, salicylates and phenates are preferred. When the = B
: 30 term metal is used with respect to sulfonates, salicylates and phenates herem, |

- 31 it refers to calcium, magnesrum lithium, magneswm potassrum and banum

T



3 involving one or nore succinimde dispersants that have or have not been
4 post treated. .5 6 D. Wear inhibitor 7 Wear inhibitors such as netal

di t hi ophosphates (e.g.,; ~zinc dialkyl 8 dithiophosphate, ZDDP), netal

di t hi ocar bamat es, net aI xanthates or 9 tricresyl phosphates may be included.
Wear inhibitors may be present in the 10 anount of about 0.24 wt. %to 1.5
Ww. % nore preferably in the anount of 11 about 0.3 wt. %to about 0.80
w. % nost preferably in the anount of about 12 0.35 wt. %to about 0.75

w vhof e | UbmgCptdgiGhy bd ReofboRASh b ik UBRGGARIRIKE S 71 nC

di t hi ophosphate. O her “wear I nhi bitors e included are zinc
di al ky!l3i tmvepm;wmm/oéabwtntom %ht@lﬂpt)'dl& ﬁ%ﬂho&pfm‘ably(fMTP) The

wear i nfi bhf)&utﬁt’%)fo é&ﬂtf%g@o‘?t ed into- 16 the lubricating oil of this

i nvention I'n an. anount uf 0.2 wt. %to 17 1.5 wt. % nore. preferably
in the 4nount of about 0.3 wt. %to about 18 0.8 wt. % of the lubricating
oi | . Thﬁese val us§ Pgﬁé/ I,nclude a small anmount of 19 hydrocarbon oil that
was used |n pr epari "El nc dithi ophosphate. Preferred '20 ranges of

phosphos us |n tApréfemmdaadodhuiehtcfdhen.@ncatingaj’lenfah@w/eﬁh&ﬂm . %to 21
about . nor e referabl ab ut. 0. Oél %to ab LdlfeO 07 wt. % 22 ..
The al K& ﬁ?‘BBﬂsq ehe H@orfl PGP Eﬁ%@ﬁﬂ%@“ﬁéﬁ tYPeor exanpl e,

Ahout 20 2re o eees Wm‘"’m'dégggd@?‘é‘"s*%?‘”?ﬁ?sgf’ﬁ‘"@ o oups. i nel ude

bout’ 24 2 b
cthyl | 2atiiiarande BISS Ay oey iavinsenP SA Releghiar meldnyof abowy | decy!
dodec Vio ' apeo 1285 tﬁii@diy;hersé’:?tsm G ekt ﬁétyde wrstée d?fnoh%réteac

al kyl aryl di t hi ophosphate IS, - 28 ‘exanpl e enyl group having an.
yl “Hr ou]ihefilsee@aﬂt may beawmor@eddatoubﬁ lubnzetmm ﬂl@u%‘h?ni@ﬂbut yl phenyl -

e i A
some of3 t hef abbut d/Hpwt Entosabicub6 wta%h. be f avor ably errpl oyed in this invention.
These By eXam! SSrofdmeilbidridits B B iR EnGH obRphdd 8% 6ASrd Blifiel v ent ! on:
.15 dlspersants ‘having an average molecular weight (mw) of about 1000 to about
16 . 5000. Dispersants prepared from polyisobutylene (PIB) having-a mw.of about '
17 - 1000 to about 5000 are such prefefred dispersants. :
18 A preferred dispersant of this invention may be one or more
19 suoctmmldes The term “succinimide™ is understood in the art to include many
20 of the amlde |m|de etc. speaes that are also formed by the reaction of a
L 21 _ succmlc anhydnde with an amine and is 'so used herein. The predomlnant
22 .product, however, is succinimide and this term-has been generally accepted
_'_23 as meanmg the: pmduct of a. reactlon of an alkenyl- or alkyl-substituted
g ) 24 - succinic acid or anhydnde with a polyamine. Alkenyl or alkyl suocmlmlde's are
25 dlsclosed in numerous: referenoes and are well known in the art. Certam
26 - fundamental types of succummldes and- related materials enoompassed by. the
27 term of art "succinimide” are taught in U S. Pat. Nos. 2,992, 708 3 018 250
.28 3, 018, 291 '3,024,237; 3,100,673; 3,172,892; 3, 219 666;3,272,746;
29 3,36_1 673; 3,381 ,022_,.3,912,7_64, 4,234.435, 4,612,132; 4,747,965;
30 '5,112,507; 5,241,003; 5,266,186; 5,286,799; 5,319,030; 5,334,321;
31 5,356,552; 5,716,912, the disclosures of which are hereby incorporated by

32 . 'refer'enoe.

-12-



6 intended to Iimt it: 7 . ..8 A Antioxidants 9 Additional antioxidants
are not required to provide the enhanced 10 oxidation, nitration and.
reduced viscosity increase properties of this invention, ' 11 but

-embodi ments of this invention may include the use-of addltlonal 12

antioxi dants.. For exanple, one enbodiment of this invention may conprise
13 one or nore hi nder ed phenols of the general formula (1) and one or nore
14 nol ybdenum oxi dation i nhibitors such as that described in U S. 15 Patent
4, 263, 1152 in arT msamunﬁonnnayroompnémm@bmbr&s&cxﬁrmrdéspwmohmaywount . 16.
more t : ments of this inventiqn, pno nplybdenum =
17 oxi at |°dﬂ'er AP %rrb'ﬁ\/ﬁgo‘a'ﬁfﬂgge dq%s ippentigaapay BRTBRsH? "?‘H@aﬁ?ﬂ %denu m

oxi dat i30n jhvdiihg bAE or ok slibdhintres disperdart hdthavieorinatendebédred herein by

r ef erence. A et hod for 20 preparing the nol ybdenum oxi dation i nhibitor
descri lﬂ'ed Rosteatedy s pat ent 4,263, 152 that may be used in one enbodi nent
of thig invention .22 is to prepare a solution of the acidic nolybdenum
precur sor and a polar 23 pronoter with a basic nitrogen-containing conpound
with : & Wi hoWedfiiphiitor 24 Di | uent nmy be used, if necessary, to provide

a sui taybl e Vi SqQeh dﬁhrﬁﬁ’érsgﬁ&{ as %%%Itdlﬁﬁd Rsphbfed &,g% gﬁiﬁ ldﬂ@bs are

| ubricating oil ounds co taln I ng bon and
hydrog@n dlﬁllegSpha!e. émaB)umamwdmmrmmay metabxalﬁha@saxmed to the

Feact! o MBI PRI b8 iR Riddd, Weet intASTERE AT BRI e 7T Tt e
29 m >10ureammnntefhumrtt092¢>wt.z%m ¢. hswm%mecbreferaﬂlyrmtaerarw.rnbof a:) gif
t e used i
el T 30°" Aot O350 ot ot BADKEY 2 s8R pectprabB B SRR 0B Surce at o
sui t aljhe mwwur%t@abartcbY@Wex,umauﬁmatmbemsul fur source to react with

the acidic nol ybdepum and 33 basi.c, ni nds Preferred sul fur
sourcds are surAf‘?J'PP Wd’?’?ﬁféﬂh'b'tqﬁfsz'fcéjﬂff“ic’g p(i\a% tBﬁBY"Gg”BL Syl fi de, R2

S, whqge Q\étsmﬁs\v'ﬂéﬂfcﬂfdé)ﬂ'areQirﬁf(ﬁélﬁ*ihmré’prﬁ%ph&eaédﬁﬂon zidd x is at least 3,
mer capt ans _wherein Ris CL i norganic 3 sulfides and

pol ysdbf i dianyldithippbesnhate @DTA?‘)d ewear ehibitebmay hedneopetatedintur - 4 sour ces
are S%fUrtheIJBYiééﬁs?gfﬂlMfs'rﬁ'\%nughﬁﬂﬁ‘aﬁib‘én@@ﬂﬁtﬁﬂﬂbfﬂﬂ?%?@d inorganic 5

sul fides and po Water nay be renoved fromthe reaction m xture
17 5wt. /o, more. preferably in the amount-of about 0.3 wt. % to about
18 08wt % of the lubricating oil. These values may include a small amount of
19  hydrocarbon oil that 'wés u'se_d'in preparing zihc dithiophosphate. Preferred
20 ranges of phosphorus in the finished lubricating ol are about 0.01 wt. % to
21 ~ about 0.11 wt. %, more preferably about 0.02 wt. % to about 0.07 wt. %.
22 The alkyl group in the zinc dralkyldltmophosphate may be, for example
23 a strarght or branched pnmary, seoondary or tertrary alkyl- group of about
- 24 2 to-about 18 carbon atoms. Examples of the alkyt groups include ethyl,
25 - propyl, rso-propyi butyi pentyl hexyl heptyl, octyl decyl, dodecyl and
26 'octadecyl
27 “The alkylaryi group of the zinc dlalkylaryldrthrophosphate is, for _
- 28 example a phenyl group havrng an alkyl group of about 2 to about 18 carbon
29 ) atoms, such as butylphenyl group, nonylphenyl group, and dodecylphenyl

30 group.

-13-



6 prior to conpletion of reaction with the sul fur source.. 7 Enbodi nents
of this invention may conprise, in addition to the 8 hindered phenols
descri bed herein, such-antioxidants including but-not limted 9 to phenol
type (phenolic) OX|dat|on i nhibitors, such as 10 - : -
4,4' -net hyl ene-bis(2,6-di-tert- butylphenol),
4,4'-bis(2,6-di-tert-buty|phenol), 11.

4,4 -bis(2-methyl -6-tert-butyl phenol), 12

2,2' -etpyl ene-bi s(4-net hyl -6-tent-butyl phenol), 13 .4,4'-butyl
| dene- bl s(3- net hyl -6-ert-butyl phenol), 14

4 4 -i sdpr byl |9§’h@&)¥\§)@W COMRONENTE phenol ), 15

2,2 -mej hyl ene- J?hé W?'rl %dd&tﬁ/en% S ge e@@ples of some of the

-i sobut'yl i-dene- eno
: med4 hy tempobeérsts Jhatenawbe ﬁwo;ahlahempl%dm ks ink8ntion. These :

2 _

o

, Zf g n%t h pr@bl}é&oﬁlagﬁ{hv%s g'%gﬂgll"deé t%"'ﬂ’lstr?‘%rt{"'slm élltfﬂtt %" %Eeﬁgtr esol 20
4 - _

I -6 er intehddd, Y linsli itret hy| ani nonet hyl phenol ), 21
*Obl s(2-nethyl -6-tert-butyl phenol), V 22 .
' -t hf obi s(4=net hyl - 6-t eat - b. utyl phenol), 23 _
b| 5(3 net hgl - 4- Antlogidants t ert - butyl benzyl ) -sul fde, and 24

bis(3,5:-di-tert droxybenzyl). Diphenyl ami ne-type oxidation .
i nhi bitdrs Vv Zégéj'ﬁ‘g'l‘ﬂé’@t‘g’“ﬁ%ﬂtséf%"ﬂbﬁeql‘lrﬁﬁ’erEFOl’lS'e the gofanced di phenyl ani ne,

26 pheqyy! oﬁdm TRARSh BHIBHRGd AS6hsRY drahepropbids of BiPR&MIGAM ne. Ot her

27 types of. oxidation inhibitors include metal dithiocarbamte (e.g., zinc

28 'di t bt ocwtmm@menlmf thisimventiae may ingludatthe use of additiopatmte) . - 15 1 One
Pavi gl ne™ i, 1Y Sohle, BRTRemBRE R TG BREBhogee£"2 05y
wher ei I3 R ore ar @pre hmeead@her@lamfphe gandratnlbmmlaaﬁ) and oo odenore addi ti ve.
ey T BBl L A0 SRR it | D0 v
15 Patent 4,263,152 in an-amount no more than about 0.3 wt. % or in an amount
16 m__ore than 0.5 wt. %. In'some embodiments of this invention, no molybdenum E
17 oxidation inhibitor was added. | "
18 . The description of the molybdenum-oxidation inhibitor in
19 U S. Patent 4,263,152 i is. incorporated herein by reference. A method for
20 - preparing the molybdenum oxidation inhibitor described in
21 ._U S. Patent 4,263, 152 that may be used in one embodiment of this rnventron

-DI\JNI\)I\)I\)

' ._ _-2'2 isto prepare a solutron of the acidic molybdenum precursor and a polar
_ 23 '_ _pmmoter with a basic nltrogen-contarmng compound with or without diluent. -
B '._'_QA Diluent may be used if necessary. to provide a suitable vrsoosrty for easy
o 25 _ stirring. Typrcal dlluents are lubncatmg oil and liquid compounds containing
- 26 -only carbon and hydrogen If desrred ammomum hydroxrde may also be
27 added to the reaction mixture to Pprovide a solution of ammonium molybdate _
28  This reaction may be carried out ata temperature from the- meltmg point of- the'
29  mixture to reflux temperature Itis ordlnanly carvied out at atmospheric _
- 30 . pressure although hlgher or lower pressures may be used if desired. This
- 31 | reaction mixture may be treated with a sulfur source at a suitable pressure
32 . and temperature for the sulfur source to react with the acrdrc molybdenum and

33 basrc nltrogen compounds Preferred sulfur sources are sulfur hydrogen co
o -14 -
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11 propionate (al so known as benzenepropanoic acid, 3,5-bis (1, 1-dinethyl-
12 ethyl)-4-hydroxy-, C7-C9 branched al kyl esters; or 3,5-di-tert-butyl-
13 hydr oxyhydroci nnam c .acid, CrC9 branched al kyl--ester) commercially 14

- available from G ba Spemalty Chenicals at 540 White Plains Road, -15

Terrytown, NY 10591 as | RGANOX L135(r) or Cronpton Corporation at 199 16
Benson Road M ddl ebury, CT 06749 as Naugard(r)PS-48 and no ot her 17
antioxidant. 18 19 B. War Inhibitors 20 In addition to the wear

| b1 10" Sc RS Bl pbFagiflud S heRIreiarockibnt abicRibly ot et

tradltlona’T’ rs may be used. As their nane inmplies, 22 these
agent s 2 edOg ahd.rand)x isratVeasny 3n&lemamaj\9pmql'§m Reiscomon alkybfinasgaticagent s 23

i ncl ude3 b”tt;«fﬁsfe:fﬁ‘&)é%kéﬁ(}e%dﬂﬂ&cem%@ﬁ ahé)u%;% fferr&RERRIFRL €S,

esters, al ni"hg conmpounds _ um conpl exes. 25 26
C. Rust4 | négdrbeae utfat, |hyauzgen/kg|mmsphosbhonpmdnmhlf@er ard inorgani¢ t or s

I ncl ude; eth ene 29

pol yox h?ﬁ@lf’es ?’Eﬂp‘a ‘@?‘%@r W% b&'ﬁ?ﬁg@ 'lﬁgﬁléé];é \é"ﬁ%@ﬁﬁ)ﬁh% her,

po: yoxyﬁt Emf&rte cﬂﬁii)}éuoﬂ{&ﬁ‘déctﬁhhﬁm meehllfmmtdteyl ene octyl phteﬂyl eg ger 31

po yoxye yl ene_oc ste I ol yoxye eyl ether,

pol yoxyket hyl eneEEBP%'m%'ItS ﬂ{fﬁﬁé \é"d’ﬁ'&f‘é‘e %?Me%tﬁd& tgﬁjP%l tol -

noNo- olgat Rinderdd pHRoRAUasefibed Rér@irt) lsUEIP antioXifan® lﬁdtjdmgétmdnoﬂlﬁnﬂedz Q her

conmpounds: stearic acid. and other fatty aqyﬂ% 2 di carboxylic acids, netal
o _

soaps, ¥ at toyphesiolityagi(pleenglic) @xidafiondnhibiters s avy 3 sulfonic acid,
parti a{o Ca%ﬁ%\’aﬁh@e%ﬁbﬁ(zeéh er@!}utgﬁh%u)j qlw@gmen.gwmeﬁbgsphorl C

ester. rs 9. Demulsifiers that may be used
|ndudelladd4ﬂl-blﬁ(%aﬂ‘@ﬂ%ﬁsiedfbuwlmf}ﬂ%nol 10 and et hyl ene oxi de,

pol yoxlyzet h{ben@.y@ngygls@rng&w, _@_g& _BabHmsK&).hy! ene sorbitan
13- 4, 4'-buty|ldene-b|s(3-methyl-6-ett—butylphenol)
14 4,4'.~|sopropyhdene-b|s(2,6—d|-tert-butylphenol)
15 2,2'-'méthyién_é-bi's(4-methyl—6-nonylphenol). B
16.  2,2-isobutylidene-bis(4,6-dimethylphenol),
17 2.2-methylene-bis(4-methyl-6-cyclohexylphenol),
18 2,6-dictert-butyl-4-methylphenol, 2,6-di-tert-butyi-4-ethylphenol,
19 2;4;dimeﬂ1yl-6-tert-butﬁ-phenol,_2,_6-di-tert-.l'-dimethylaminofp-cresol,
20 2,‘6-di-tert-4-(N,N'-dime_thylémihomethﬂphencf)l);
21 4,4thiobis(2-methyl-6-tert-butylphenol),
22 -2,2-thiobis(4-methyl-6-tert-butyiphenol),
23 _fbls(3-methyl-4-hydroxy-5-tett—butylbenzyi)-sulﬁde and |
' 24 b|s(3 5-d|-tert—buty|-4-hydroxybenzyl) Dlphenylamlne-type oxidation mhlbltors .
25 'mdude butare not limited to, alkylated dlphenylamme _
26" . phenyl- alpha -naphthylamme and alkylated~ alpha. -naphthylamme Other _
| 27 types of oxndatlon |nh|b|tors lnclude metal dithiocarbamate (e g., zinc
28 dtthlocarbamate) and methylenebls (dtbutyldlthlocarbamate)
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11 ester.

and 17 | ead napht henate.

12 13 E. Extrene Pressure Agents (EP Agents) 14 EP Agents that
may be used indude Zinc dial kyldithiophosphate .15 (primary al kyl .
secondary al kyl, and aryl type), sulfurized oils. -di phenyl . sulfide, 16
et hyl trichlorostearate, chlorinated naphthal ene,” fl uoroal kyl pol ysi | oxane,

fatty acid, amne, borated ester, and other esters. 21 22 G

Mul ti functi onal

18 19 F. Friction Mdifiers 20 Fatty al cohol,

Addi tives 23 Sul furized oxynol ybdenum dit hi ocar bamat e,

sul furiized. 24 QSYBKBARRAFLOGAARGLARASUIGRLS GREOR noretiadsaby bdenum

nDnoegcerlde

oxXyno enum

ate am am ne- nol ybdenum

conpl ex cqntmwdu:lhavu@thamne(alfajmtdamt ai ni ng nol ybdenum conpl ex conpound may

be used.
pol ymer's

hydr at ed.

type viscosity i
Depr-_esssants 3 Polynet
.6 Al ky nethacryl at

27 28 H Viscosity Index Inproverg 29 ' Pol ynmethacryl at
et hyl ene-
styrene-is

ne copol yners, 31 p Iyi sobutyl ene, and di
31, TBY used. ¢ -17 . Pour
met hacryl a?(gﬁhay be used 5‘2\] Foam |

8 9 10. 1V. LUBRICATING O L FOR NATURAL GAS. FUELED ENG NES 11
differédnce in the lubricating oil requirenments for natural gas

engi ness angn&aH R%a@?alcgﬂélkylfgiﬁbﬁd by |iquid hydrocarbon-fuels.

9
10
o1

13-

.14
15
16

17

18
19

20
: .sectior_l. other tradmonal-wear mhtbltors- _may. be used. As their name lmplles.
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and no other antioxidant additive. This embodlment of this invention comprises

- 3,5-di-t-butyl 4-hydroxy phenyl proplo_nate. 3,5-di-t-butyl 4-hyd_r_oxyphenyl

propionate (also known as benzenepropanoic acid, 3,5—bi§ (1,1-dimethyl-
ethyl)-4-hydroxy-, C;-Cg branched alkyl esters; or 3,5-di-tert-butyl-4-
.hydroxyh)/droc':innamic acid, C~Cg branched alkyl ester) (:ommercially
ava:lable from Clba Specialty Chemlcals at 540 White Plains Road
Terrytown, NY 10591 as IRGANOX L1 35® or Crompton Corporahon at 199
Benson Road, Middlebury, CT 06749 as Naugard®PS-48 and no other

antioxidant.

B. Wear lnhlbltors ,
In addition to the wear (nhlbltOTS mentloned in the addttlve formulation

-these agents reduce wear-of moving metallic parts. Examples' of such agents

- include, but are not Ilmlted to, phosphates phosph«tes carbamates esters,

sulfur contammg oompounds and molybdenum oomplexes

| C. Rust Inhibitors '(Anti:-RUSt Agenm_) _

Appllcable rust inhibitors mclude
1.. ‘Nonionic polyoxyethytene surfaoe active agents:
pOIyOXYe'thytene lauryl ether, polyoxyethylene higher alcohol ether,
'pplyoxyethytene nonyl phenyl ether' polyoxyethylene- octyl phenyl ether, |
lyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,

-and polyethylene glycol mono-oleate and
| -16-

e type

opyl ene copol yners, styrene-i soprene copol yners,

sper sant
Poi nt .
nhi bitors

pol ymers and di net hyl S|I|cone pol ymers may be wused.

There is a
2 fuel ed
The. .

' polyoxyethylene sorbltol monostearate polyoxyethylene sorbitol mono-oleate,

33



- 13 . conbustion of liquid hydrocarbon fuels such as diesel fuel often
results in a 14 small anmount of inconplete conbustion (e.g., exhaust
particulates). In a liquid 15 hydrocarbon fuel ed:-engi ne, these

- cinconbustibles provide a snall but critical 16 degree of lubrication to
t he exhaust val ve/seat interface, thereby ensuring the 17 'durability of
both cylinder heads, and val ves. The conbustion of natural gas 18 fuel. is
often very conplete, with virtually no inconbustible materials. 19

Ther ef gre, |t he lur abidddobefiouinde: Sbi08SH ahdnshyabys, s controlled by

the 20 ash content roperties of the lubricating oil and its
consumdt i alicatboxydic acidsheetal apepmcfattm@dmoe palts, matal salisof hgawi d i n

| ubricati gnatural gas fuel ed
engi nea O{&J&'g'fs gas%?mrééﬁeg’él nes gétéFg{Pélﬁ}%ﬁE%? h'oi‘la21 introduced to the:
conbusti orphosphorieesten t he gaseous phase. 24 This has a significant affect
on the _i nt ake and exhaust val ves because there is .25 no fuel-derived

| ubricant for the valves |ike liquid droplets or soot. 26 Consequently, gas
engi neg are sol el y dependent on the lubricant 'ash to 27 provide |ubricant
bet ween the.. hot valve face and.its mating seat. Too little ash .28 .or

t he Wr(?ng type can accel erate val ve and seat wear, while too nuch ash 29
my | egd tm valpemaeificesi Ng and subsequent val ve t or chi ng. Too nmuch ash can-

30. . also lead to detonation from conbust@?ﬁn chamber de%
Conseq@ent |y, Derydsifiemdhalamgy peysed inqludpaddition gredurtsyo QEIWH‘FB% ash range

t hat . YarldPA r SHYIBAE SorbitamCce NDst
gas is Iove I'n Sﬂeﬁ@o&ﬁ@ %ﬁ@?g@ﬂﬁal@%ﬁ??‘%@ﬁg needed to address

al Kal'ildj t yesterqui rements, and 18 . 1 ash levels are largely optimn zed
arounq the needs of the valves. There may 2 be exceptions to this in cases
wher e sour gas or landfill gas is used. 3 Natural gas fuel ed engine

| ubri datl g oi I&twme?kmrélkgbm((EPcﬂgﬁmtsb 4 their ash content. The

| ubricgnt ash | ve/ seat
interfdace in pl ce &%@%#Peﬁgééﬁﬁqdﬁgﬂggﬁa @f‘}“ﬁ)‘g %Osﬁhés{gl naeo _
hydr ocar b(.‘(pmfnuqt atdyleﬁgbdﬁﬂardeiIEyloadid arydit;qieb.ysdfasze:bmlspumﬂlegmsumdenes t hat

classify nat ueI e .l ub n A hei r ash
ever 16”5 WehEric@Bfasteritofé, sl gRARd hireRire” FudloadlielisioRier fnd 111 1”51
accor q|7ng IéﬁdngpﬁthéhjteaSh levels are presented in Table 2. 10 11 TABLE 2
12 Clalsssﬁlcatlons of Lubrlcatlng Ols for

19 F_.. Friction Modifters.

20 - Fatty alcohol fatty ac:d amine, borated ester, and other esters.
. 22 6. . Multifunctional Additives .
__23 o Sulfunzed oxymolybdenum dlthlocarbamate sulfunzed

.24 . oxymolybdenum organo phosphorodlthloate oxymolybdenum monoglycende, '
25 ' oxymolybdenum diethylate am|de amme-molybdenum complex oompound

26 and sulfur-oontammg molybdenum oomplex eompound may be used

27 _ .
28 H Vlsc051ty Index lmprovers :
.29 : Polymethactylate type polymers ethylene-propytene copolymers,

- ) éO '_styrene-lsoprene 00polymers hydrated styrene~|soprene copelymers,
31 _ polylsobutylene and dlspersant type viscosity index i lmprovers may be used:
32 '



13 Natural Gas. Fuel ed Engi nes According To Ash Levels Ash Designation

Sul fated Ash Level w. % Determ ned by ASTM 0874 Ashless 0 < Ash < 0.15
Low Ash 0:15 < Ash < 0.6 Medium Ash 0.6 < Ash < 1,0 Hi gh Ash. Ash>1.0
=14 .15 The ash.level -of ' lubricating oil is often. ‘determined by its

formul ation 16 conponents. Metal-containing detergents (e.g., barium
calcium and .17 netallic-containing wear inhibitors contribute to the ash
| evel of .lubricating. 18 oils. For correct engine operation, gas engine
nanufa;{urers define lubricating .19 oil ash requirenents as part of the

| ubricdting oil specifications. For exanple, 20 manufacturers of 2-cycle
engi neg offfen ﬂaﬂuﬂﬁﬂnﬂabyﬂﬁkagﬂs engine | ubricating. 21 oil to be Ashless

to mnlmzeth xt ent, of har 0S that formon the 22 piston and
conbustdi on chal(rel?dgl‘"‘%l&l a{“ethﬁﬁ‘d{gé gg's %‘-?ds4 cycle engines often 23 require
naturalg gas engine. lubricating oils to be Low, Mediumor Hi gh Ash 24

| evel s, refer to Tabl e 2, to provide the correct bal ance of engine
cl eanl |5nes~§ oF-oam Inhibitars | ity of the cylinder head and val ves. Running.

the engine wt mgﬁg‘#ﬁé%ﬁ?or t JsaYHddlnle‘ﬂiM gm%@@?as,he}semg pai I'l likely

resul t’ |n shorte val ves or nder head. Running the
engi ne A tllﬁelddbrl cating oil haV| ng too 28 high an ash level will likely
cause e;xcesm ve deposits in the conbustion. .29 chanber and upper pi ston.
area. -19 1 The degree of nitration of the Iubrlcatlng oil may vary _
Si gnif|9cantly 2 dependi ng on the engine design and operating conditions.

count dbparve, " SVARGRANESFOR RRTVEAT SRS TOREEBISAERL o o ors my

ri cherut he ai 1 Mrieed isnd differenceiin thet lubiddating offasqditerhents Gorgiateral gas | ncr ease
RO I L AR SR TN N YT L LA
engi nesi NSgaphbiAlibR BEIIAE RydBcarbbA fhielh U hE Aksei fuehdfilerDR st a8 to
| ubricate a nunber of _engines including stoichionmetric and | ean-bum 9
nmodel 4 1gmall amount of incomplete oombustlon ?e g., e)d1aust paruculates) Ina llqwd
15 hydrocar’oon fueled engine, these moombustlbles provide a small but critical -
_' 16 'degree of lubrication .'to the exhaust valve/seat interface, thereby ensuring the
17 l. 'dura:bility_ of both oylinder hea_dsand valves. The combustion of natural gas . |
18 fuelis often very complete,- with virtually no inooni'bust_ible materials.
19  Therefore, the durability of the cylinder head and valve is controlled by-the
.20 ash content and other properties of the lubﬁcati_ng oil and its consumption
- 21 . rate. '-l_'here are no incombustible materials to aid in lubrication to the exhaust
- '_ 22 - valve/seat inte'rfaoe in a natural gas fueled engine. Natural gas fueled engines
13mmmmmwmwmmMmmMMmmwhmwwmmw;
24 This has a signifi icant affect on the intake and exhaust valves because there is "
_ 25 no fuel-derived lubncant for the valves like liquid dmplets or soot
26 'Consequently, gas engines are solely dependent on the lubncant ash to |
27 ‘provide lubncant between the. hot valve face and.its matlng seat. Too litle ash:
28 or the wrong type can accelerate v_alve and seat wear, while too much ash
.29 'lnay lead to valve guttering and subsequent valve torching. Too'much.ash can '
30. also lead to detonation from combustion chamber deposuts Consequently,
31 gas engine builders frequently speclfy a narrow ash range that they have
" 32 leamed prov:des the optlmum performance. Slnoe most gas is lowi in sulfur,

.33 - exoess ash is generally not. needed to address alkallnlty reqwrements and
' -18- -



.11 This invention will be further illustrated by the foll ow ng exanpl es
that set 12 forth particularly preferred enbodi nents. Wile the exanpl es
are provided .to 13 illustrate this invention, they are not intended to

limit it. .14 15 EXAMPLES 16 The Exanpl es descrl be experinents per f or med

using Sanples A 17 through I.. Miltiple experiments were perfornmed in each
exanpl e using a 18 variety detergents such as but not limted to sulfonate,
phenate and salicylate ..19 detergents; succinimnmde dispersants; and zinc

Ler s et ePaERT o o Spp ol Sl sectnd D EATR BB AETROA AR, 1 Pt

di fferéhcebmscépbansltwhmmtdweewhemmnga‘smrlaﬁﬁﬁll\gaersnasecbd 23 Sanple A

was - prepar ed Qut 0.3, 5: di -t -but 4 4- hydr oxy
phenyl pr opi onte}%‘%tﬁgﬁéﬁf"%e‘ggwm }é?"((f?ém?%?'éa Fdazfﬁgiﬁg Wy os.
detergent theirlashicofitedt Tuctelu%wmeshabtslnstwsoudautmmtnﬁmmmetor and G oup

I ase oi | by conbinin qgnhponents at 27
140 de ee‘éa'ﬁ?%ﬂﬁ'gg&af%mﬁ%? E{H%F SB‘%-BB?%E@"@@ Q?EQes\M‘tah agi tation
unti | &8 ydrocabow ARISEeNGING. mmﬁnda&y&m&e&edaﬁuwheam by conbi ni ng
about 91 wt é‘éﬁ{S%{iﬁJ tlg hydroxy phenyl pro |onate about
3.3 M (Pashify gleg @'%MP“WS&@C@@WQ*&HB@MS leygl wi: 9% wear
i nhi bi-tgor, ﬂ%&ﬁ@%ﬂ‘&@iﬁhe BhhiutA'g a§@&€le§%n§ih@'ﬂfbdcaﬂ?8’l Qeéord.ﬁgffﬁl e B was -
prepared b mbi ni ng the conpdnent:s at degr ees appr oxi mat el y
60 degee @f&ﬁh!‘fﬂe&ﬁgﬁf@dx‘?@ﬁﬂtﬁmﬂ]’aﬂeﬁ 2 components were nixed. 3 Sanple C-
was prgpared by combining about 1.25 wt. % 3,5-di-t-butyl 4 4-hydroxy
phenyl propi onate, about 3 wt. %dlspersant about 5 3.4 wt. % detergent,
about 13. 38 wt. % wear i nhibitor, S_QMZ)am inhibitor and 6 Goup Il base

il |l e C was prepa nents at 7 140 degrees F
?apprcqi%npnatel y 60 5 p'eg? “‘iﬁ)‘gﬁg ;%&%aﬁ"ﬁ’na ihl igys conponents were

m xed. Pebih ST q,go,rﬂmgﬁ - 2
3, 5-di -t-_buty_l -165 ~fRyaroxy phenyl MER m%% i spdrsant,
about 11 |37 ) [S37YETTAE] i O g8 W . © T ASFEG g tor, 'g—p'pﬂfo_am-
i nhi bi t orf and " Low Ash. _ . 015<Ash<06 _ :
- ' ‘Medium Ash 06 <Ash<10 . _
o __High Ash - ' ~_Ash>1.0
14 _ ' B - '
15 © The ash level of lubricating ail is often determined by its formulation

.16 oomponents Metal—oontamlng detergents (e.g., barium, calcium) and
17 metallic-containing wear inhibitors contribute to the ash level of lubricating
| 18 oils. For corect engine operation, gas engine manufacturers define lubricating
19 -oil ash requ'irements as part of the lubricating oil speciﬁcations Fer exarnple'
i 20 manufacturels of 2—cycle engines often requnre natural gas engine lubncatlng '
21 orl to be Ashless to mmlmtze the extent of harmful deposits that form on the
“ .22 - piston and oombustlon chamber area. Manufacturers of 4-cycle englnes often
23 ‘require natural gas engm_e Iubncatmg Q_IIS to be Low. Medium or High Ash |
| 24 levels,' refer to Table 2, to.-phvide the correct balance of engine cléanlihe_ss
25 -and durability of the cyli.nd_er.'hea'd and valves. Running the engine with
_ ' 26 . lubricatihg.oil with too Ibw an ash level will likely result in shortened life for the
. 27 - valves or cylind'er head. Run'ning the engine with lubricating oil having too |
. 28 high an ash. level will likely cause excessive dep03|ts in the combustion

. 29 chamber and upper piston area

-19-



12 Goup | base oil. Sanple D was prepared by conbi ning the conponents at
13 140 degrees F (approximately 60 degrees C) with agitation until all 14
conponents were m xed. .15 Sanple E was a finished ©il product,: Mbil
-Pegasus 805, which is 16:comercially avail abl e from ExxonMobi |
Corporation in Fairfax, Virginia. 17 Sanple F was prepared by using OLOA
1255, commercially available 18 from Chevron Oronite Conpany in Houston,
Texas. The OLOA 1255 was . . .19 mxed with Goup | base oil under typical

bl endi pg condi ?p'%.g n unt|I al |
corrponent s ar e%%%gp‘;% m ‘>‘<‘§§°f]‘§§'“b§§9‘§’@§ﬁ§'5. agdhﬁ’né%h@@ém@ :

5,726, 233 depbndlogtantge@nglneedjaelgmarmnmmﬁnmdmﬁ)nSZMW|®gm of the
nost deI [ 023 represents,
there p¥chl%egenc rrérk c#t %ﬂg %g%ﬁogpﬂv‘\ﬁ%# stghmﬁe?ﬂ}% £or ul afl ons
usef ul 4as nitrate tiee oild lesmas'orbe opemtars ey hefidhp ba/f@iwaixtuse opaataby usi ng
OLOA 1255, I’CI al-1y.avail abl e evron oni.te rrpany in
Houst o 3@ ee‘fﬁg e %W‘”ﬁoﬂ@ga"%} Hsegug%yrqcr%%s e 0|I under

fj ypi caly lé')rﬁtfﬁﬁot Ege@@d_dbr@aﬁng)érfs’o\hﬂvg” oo&ﬁzg tréﬁ@wmaﬁerﬁqnwdam mat el ydeso30
egrees Wi agjtation uptil a co nept.s were tho ymxe
Sanpl e7H fpast Qagﬁgﬂﬂ,ﬁ%ﬁ‘}ﬂ'"%/"‘&@?!'%ﬂﬁ WHB%‘HBH@“"SH" 'B@%f’ g?‘ed as
Chevrog Ot@libhieate?P nG@Ber & Eiffides |ﬁau§ﬁ§'%kcﬁcﬂlo%ﬁw%%ﬁ@§§-bﬁﬁmmr cially

avai l able from 33 Chevron Oonite LLC.- -21 1 Sanple J was prepared by

conbi nPng"ﬂQﬂ?%orrponents of Sanple A 2 except that instead of a Goup I
base.qpl, Sanple J conprises a 3 Goup |l base oil. 4 Sanple K was
prepared by conbining the conponents. of Sanple A 5 except that instead of.
a Godp Il basahoumvereanwﬂab«ﬁuﬂmpﬂlust@edbﬁtf@f@lkpmng%awe@uthat sef 8 EXAMPLE

Test ShonHERIaNT pEReTe ERERIEENS, e 17 pRARh PRI O Thi 1

one meBhodiustiatie this imsantion sthay ate/mat intended to limit it.

14 i :
15 . EXAMPLES |
16 The Examples describe experiments performed using Samples A

17 through . Mult'ipl'e'experiments' were perfonned in each example using a
18 vanety detergents such as but not limited to sulfonate phenate.and salrcylate
| _ _'19 deteigents; succmlmlde dispersants; and zinc dithiophosphate wear inhibitors.
20 The examples are explalned using the terms detergent dlspersant and wear
: 21' nhlbrtor because no significant difference was found when these. components
.22 - -were varied. :
| "_2’3 o Sample A was prepared by oombrnlng about 0. 91 wt. % 3 5—d|-t-butyl
| 24 4-hydroxy phenyi proplonate about 33wt % dispersant, about 34wt % _
25 detergent, about 0. 38 wt. % wear inhibitor, 5 ppm foam inhibitor and Group i
26 baseoil, Sample A was prepared by combining the oomponents at
: h_-27' 140 degrees Farenhelt (approxumately 60 degrees Celsms) w1th agrtatlon untll-. _ |
28 all oomponents were mixed. ' '
| 29 Sample B was prepared by oomblnmg about 0.91wt. % 3 5-d|-t—butyl
30 ,- 4-hydroxy phenyl proplonate about 3.3 wt. % dlspersant ‘about
31 | 3.4 wt. % detergent about 0.38 wt. % wear inhibitor, 5 Ppm foam inhibitor and
32 Group | base.__od. Sample B was prepared by com_blnln_g the components at

-20-



12 the performance of an oil to inhibit the incorporation of oxygen into
oil. The 13 results of this test are the nunber of hours it takes for
sanpl es to oxidize and ..14 absorb one liter of oxygen. The |onger the tine.
‘it takes for a sanple to oxidize, 15 the. nore resistant the sanple is to
oxidation. 16 Al measurenents are reported on a relative neasurenent basis
so. that 17 large results or values represent greater |evels of oxidation
resi stance. Lower. 18 . nunbers represent shorter oil life. Sanple F was

8

sarpl o §1 mindreel FioPalodmael ot o BEE YRR AdituaT o () 1150 18t
rﬁsult 2f dorfipondrits svesamikeel. woul d have a 21 3 % i ncreased performance over
the reference sample. .Sanple F was the. .22 ref c le.for, the results
reported in Tabgg"ggg(.3ﬁ“\?sﬁfgpﬁ?&%&ﬁoﬂﬁ"ﬁggi@?‘éﬁtggB@h%%’?’ggf'é re |
e Tesul ta o P R o G ahom “enhanced oxidation

. _ , .C show. _.enhanced oxi dation
resi st a?ncee'mrqgﬁgé%ﬂeéﬁ- "irlﬁ’“t 0538 ‘gtanpr‘é)\’*’@?' @hg%‘m[- [g]eﬁm&?gﬂ "’R‘.‘b't?f and
Surpri s ngd;voud/\*ﬁeas@bh.-sélﬁﬂbmswﬁmeaby\@wmagmodmmw@ﬂmnce 28 -

of the: Sa%e A and Sanpl e C exceeded that of conparative Sanples B, D, E,
29 F, G ahf degrers Fdapproximately §degrees Qmitbpaitation uatl ali dat i on :

per f or gancg, 3 & H Al though it is unknown what exact type and
t he exact ano nteng%wgl antélaom dant(s) that are in Sanple H, it was

esti mat%d to haSampled? wasmiepargd byzombining @baut 1.8% Mdht3, fdehbatybl yzed by
thin | gyer - " r o Sanpl e C have 0.91
ot o Dna 4 PYRTPbRERARMORART By 3 W o aRBBIBof BB ST P oS Csanpi e A

has apir ox3.duatetyd@érdentcatounOi38ont Bawealinhibitor, Sopph éoarh inhibiSaiapde C has
about 37 9%l ess .antioxidant: .han Sampl e H 3 .The higher oxidation _
resi st ce&Wﬁtﬁﬂsgomﬁt;§agﬁ’ﬁﬁ)bé”% %'Fggw gorﬁb'ﬁﬁ'&g tB‘é%OTan%ntF(_? a synergy of
3. 5--dir3t--]?mQ/hdiegkebd ym(epym&hm_f llyﬁﬂ@@'ree@mv«mhchgﬁfamu:gﬁlaﬂ base oil or a
synerqgy. of the .additive forpulation conprising 3,544-butyl 6 4-hydroxy
phe_n_y?z‘pr'cﬁﬂ'ﬂmﬁeé‘ %WG’@M%FIJI base oil. 7 8 %Difference = (Sanple (x) -
Sanpl e15(F)) ! Bampe & whs’a fidistiéd St groduét, Mbbil ABgEsEs 805, which is

16 ‘commercially available from ExxonMobil Corporation in Fairfax, Virginia.

17 ~ Sample F was prepared by déing OLOA 1255, commercially available '
18  from Chevron Oronite _Co‘rhpa_ny in H0uétdn, Texés. The OLOA 1285 was .
19 . mixed with Group | base oil under typical blending conditions of about
20 140 degrees F with agitation until all components are thoroughly mixed. As
- 21'-' e‘xpl'air;ied in U.S. Pat. 'No; 5,72__6,133 {ubricating oil made by combining OLOA
22 1255is one of the most widely sold gas engine oil additive formulations and
o 23 represents, 't'l1e__refq're,-' a “benchmark ét'a_nda(ﬂ_'"against which b_ther
© g 'fonnul'a'ﬁons' _use_ful’_éé engine oils may be measured. '
25 Sample G was prepared by using OLOA 1256, commercially avé_ilable_
26 from Chevron Oronite Company in Houston, Texas. The OLOA 1255 was
27 mlxed with Group Il base oil qrider typical blending conditions of about
28 140 degfees'F.(approximately 60 degrees C) with agitation until all
.29 6ompdherif$ were thoroughiy mixed. | o

30 _' . SampleHwasa Qommercia"y available lubricating oil designated as
31  Chevron Oronite lab code RI0994. i ' |
732 ! Sample|was S815633 commercially available from

33 - Chevron Oronite LLC. .
K - ' -21-



1.2 Oxidation-Resistance Bench Test Results Sanple Sanple Sanple. Sanple
Sanmpl e Sanpl e Sanple. Sanple Sanple ABCOEF GH Ratio' 1.98. 127 2.14
1.27 0.97 1.00 1.59 ..2.04 1.67 % Difference. 98 27. 114 27 - -3 0 59 104 67

-conpared to Sanple F 13 -Ratio - These nunbers are-rel ative ratios conpared

to Sanple F's performance in this test Nunbers larger than .14 . 1.00
perform better than Sanple F and |l ess than 1.06 performworse than the
ref erence. The higher the ratio 15 nunber, the higher the perfornmance of

; . ] di ff
e el <arp S e R St A, o
I ndi cat2es excepethptinsteradeni acGtaupr| Basepdit Samie J dhpEXedBLE 2 21 The

Oxi dat i %0 zﬁtbon Aﬂd 22. . Viscosity Increase Resistance Test 23 The
Oxi dat i SR 8hd Vi scosi ty Increase Resistance bench test 24

derronst4r ates dt lsamamwas/ peéparedby mbmg"l'ttttie contponeatssdf Sa(%plew on‘l, .
nitration an Creas. Is testis an additional. tool to
el b et eroReRat taLiRSisata Agsialin LBER Of iSariis 1S @RdedRe 1o ¢ ho act ual

servi cg OfGloupnVeiskdd. engi nes 27 that use natural gas as- a fuel source.
The l.evel of oxidation and nitration of oil, . 28 may al so be conpared by
noni tofing the viscosity increase of the oil . The Towst. —29 the val ues for
oxi datigon, nitration and viscositgxampigage -at the end the test, the 30

nore superior the product s performance. The Oxidation-Ntration and.
ViscosPty 31 .'IncreaseOridationrResiséance Beachest desi gned to sinulate

Cater IIar 35 E'@ﬁ o actual field
perfor rrance of %Fﬁgn§§ld&;f% %%drén%ggﬁwg&%%ﬁ%ﬂf\h tration and
Vi dcodilty IubnnahagellRemasstWUOGm:eame/\meﬂtqdethaﬁsmdd tmasalyze es A, B, C,
0, and,:F thro 23 1 wer | aced d gl assvvare
bath 380 S paidiAios e alB et ifnconprtioh d oRves o GE RS Over
speci fizc pesultsd)fmﬁtsttesttare Trendrabésofiues it takesrfoesampleS teaxigize and dupl i cat e
and ' qg ' e% S'onaer leter oq‘ o%gerer? gl%qunéehretlhe %Oernutgﬁes f-gr]g sample to oxidize,

15 the more resistant the sample is to oxidation. _

16 Al measurements are reported on a relative measurement basis so that

- 17 | large results or values repr__esent greater levels of oxidation resistance. Lower
' 18 .' numbers repr_esent_ shorter- oil life. Sample F was the reference oitand all =
19 results are reported as a ratio, which is the sample' time divided by Sample F
20 time. For 'exampl'e:' if oil has a test result of 1.03, this ‘sample would have a
~ - 21 - 3 %increased performanoe over the reference sample Sample F was the
22 -reference sample for the results reported in Table 3.
_ 23 L The Oxndatnon—Resnstanoe bench tests were performed on Samples A
- "_'_24 Ithrough L Results are presented in Table 3. The results demonstrate that
- 25 SampleAandC show enhanoed oxidation resistance when oompared to
26 _'samples BandDthroughl. | | -

27 - | Surpnsmgly. when od hour. measurements were taken the performanoe -
.28 of the. Sample A and Sample C exceeded that of comparative Samples B, D, E.:
.29 F G, and |. The only Sample that exhibited similar oxidation performance was
- 30 ‘Sample H. Although itis unknown what exact type and the exact amount of

| 31 | _antlondant(s) that arein Sample H, lt was estimated to have approximately

32 .2 wt. % antioxidant .when analyzed by thin layer chrbmatography, wherea's,

33 -Sample Aand Sample C have 0.91 wt. % and 1.25 wt. % of antioxidant
B - 22 - :



4 sanples were evaluated using differential infra red spectroscopy before
placing 5 themin the heated glassware bath to determ ne a base line for
each sanple. +6 The sanples were re-evaluated at. the end of testing period.

“The differential 7 betwéen the base |line data, absorbance units at 5.8 and

6.1 microns, and the 8 data taken at the end of test cycle provides an
I ndication of the 9 oxidation-nitration resistance of the sanples. 10
Differential infra red spectroscopy measures the amount of light that is

11 abs rb Fp&mga I Vr?ﬁ&a antiy: |l ed an 12
absorbance ni t BOB{ @@f@ﬁ@. :ﬁ%él&né are ﬁaté?%%‘t%‘;lg%ms c?l?tag'?m ned by 13
subt r act i rthan Banlplaelsllandlsamlpleﬁ has abautd7 %less@@h@xmarﬂﬁan $ample Bbser ve
change gl,pteé di lution,
soot a cu#fh @%?Hb%’a%ﬁ&gé‘gé or ctcon '6&dq§}t|onblg%/%®c ?fi‘-sl/)le%w mllimeter -
((j ) cel | due tosesynelgywsf 3c5-di- tlﬁ;]tylm—lﬁmioxygmnyl poplongtenand Geoupdbd aft er _
et erm ni Its associate at enagt ILf the i does not have
sof t ware {l%é?"ié)[ é‘rsaﬂ‘ﬂ@y%&f)?@%ﬁ‘@%‘lﬁ""g’ tf‘?!‘?‘ll@"‘b%’l%grs’*ll?ﬁmnay be back '
cal cul @t edt-hydroRApREyNEropionaed aRNGrbipl Basdoital i brated 0.1 nmcell. The
vari ati on between ATR and vertical cell 20 nmeasurenents is. nminimal if

restr|é7ted to the narrow area of oxidation and 21 nitration (-1725 to

1630 crgl). .22 wb%fé%hé@é(s&nwxﬁfsaupem)f/mmm@mmwum at -1715 -5

cm' to 23 the spectra baseline (in units of absorbance):. . . 24 DR
Ni tratiSon was neasured from peak maxi mumat -1630 1 cni to 25 peak
basellz,e (in units of absorbance). . -24=1 2 GRAPH | 3 Infrared Spectra _
026 0 .22 0.20 |s nmeasured peak 0.18 t =k basoline at t630 cm1 0. 16.-
b | TABLE 3
1.2 | Oxidation-Résrstance Bench Test Results
' . .Sarnple Sample | Sample Sample ) Sarnple "Sample | Sample | Sample | Sample
N N . 8 | C - D | E_. F G H 1
__Ratio* 198 | 127 214 | 127 | 097 | 100 | 159 | 204 1.67
% Difference | - 98 27 | 114 | 27 -3 o | 59 | 104 67
compared to - . i |
{__Sample F+
13 *Rafio- mesenunwsmerdaqumSwnpamdemnplerpafonnmwmﬂ\smtwmbashmaMn
14 . 1,00 perform better than Sample F and less than 1.00 perfom worse than the reference. The higher the ratio
{g number, lhelugherlheperfonnanoeoflhesample '
17 % Difference ~ ThesenwnbersammepawnlagedlﬁmbeMeenSmmleFammewnpamWeSanmleA
18 .negauvenwnberlnd‘mleswseperformanoelhanSanueF
19
20 o  EXAMPLE2
_' 21 S _ " The Oxidation-Nitration And
22 - Viscosity Increase Resistance Test -
23 - The Oxidation-Nitration. and Viscosity lncrease Resistance bench test

.. 24 . _demonstrates the capac:ty of lubncatmg oil to resist oxidation, mtratlon and
S 25 viscosity i lnorease This test.is an addmonal tool to help detemine the

26 performance of oils as they relate to the actual service of lubncatlng englnes '_
_ 27 '-that use natural ‘gas as a fuel souroe The level of oxidation and nltratlon of oil,

28 may also be oompared by monrtonng the viscosity increase of the o:l The lower
29 ' the values for ox:dallon nltratlon and vnsoosnty increase at the end lhe test; the
- '.30 ‘more superior the product’s perfonnanoe The O)adauon-Nrtratlon and Viscosity '

31 Increase Resistance bench test was desugned to simulate Caterpillar 3500

© .32 series engine oondltlons as related to actual fi eld performance ofthe
33 | Caterplllar 3516 model O)adatlon-Nltratlon and Vsoosrty Increase Resistanoe

B 34  tests were perfonned on Samples A, B,C,D, and F through |. The samples '
o -23- - |



is -a 0.14 paselima-t 1715cmi 412 0.10 ' 0.06 0.06 0.04 O Qz 2000
1900 1800 1700 1600 . 1500 4 Waverrmbm 1 $ Oxidation (& or Nitration)
Nunber Repotted (abs/cm. =. peak absorbance divided.bypath |ength In cm
‘(report in 6 whole nunbers) 7 8 During the Oxi dat'i on- Resi st ance Bench
Test, the viscosity increases of 9 - the sanples were neasured at 100C by
ASTM D 445. The .viscosity increase 10 is a percentage that conpar es t he
initial "fresh" kinematic viscosity with the end it. of test "used" oil

5: P fe g? telnge |§Cﬁ§mnf lt%téfpg‘cos trgtbguf%ecfée%@éaeé ?{S%a(&)ﬂté%%%is%fléanpl e (x)
final )/2 Samifpbus ¢xidle gas ot@(a specificipetiod Oktimiat Thetdstswere wh of.e@chi cr ons and
18 easir eriine T dupiatb A8 oo of ArAEE AMERBTAEAR, <0 Tha: 10

18 I\/Easure s ar _ atrve measurenent basi's so that _
I ar ge ries usdnsples wesd MUatepuemgrdiffeyerﬂnt iafralred spectafscopy beforegplacingr at i on - and

[ F1e. " 51 BeiintNEREAEE dlesivale VHi i RARHOC AL g B SR B S e
Tabl es g}, The Sdifiples d&ré rerevludted at thedndof testingiperidd. Tﬁwduﬁere&halr ow of each

table. This. ratio was 23 cal cul ated by divid asurements for Sanple F
byt he e clsiivesh Hiebasaling dala sbsomaee tnits &t SRAM 8 LRI SRS Lo sanpl e

F. The zﬁemw&w&m@wd@bﬂwe&oﬂué&b@m.édﬁsnameent difference between
the refierence Sanple F and the sanpl es being conpared to Sanple F. The

| ar ger. ﬁhé)%"@@m’tﬁij@“dﬁ'ﬁ@ﬁ@ﬂ@feﬂ‘@%%n Sanpl e F and the other sanpl es,
the bef()t er per fﬁtﬁ@?eﬂ@altulﬂ‘?a ?&t’gﬁe&b&opy measures the amount of light that is

_)_ 11 absorbed by an oil sample and provides a unit of measure called an’
. 12 - absorbance unit. DIR (Drfferentlal Infrared) spectra was determined by
13 subtractlng the fresh oil spectra from the used oil spectra to observe changes
14 - that have occuired due to oxidation, nitration, fuel dltutlon soot accumulation,
15 andor contamlnatlon Typ|cally a 0.1 millimeter. (mm) cell is used, however
16 anATR crystal setup may be used after deterrmmng its associated path
i7- : length. if the instrument does not have software t_hat determines path length, |
18 the path-l'eng'th may be back catculated by'-measur_ing oxidation with a
19 calibrated 0.1 mm cell. The varation between ATR and vertical cell
20 measurements is minimal if restricted to the na'mow-a_'rea of oxi_datioh and
.21 nitration (~1725 to 1630 cr™"). |

22 - DIR Oxidation was measured from peak maximum at ~1715 +5.cm™ to
oo .

. .23 the spectra baseline (in units of absorbanoe) _ -
c24 ~ 'DIR Nitration was measured from peak maximum at ~1630 + 1 c'rn to_ "

25 .peak baselme (m units of absorbance)

_'2'4_-.._ -



5 respect to oxidation resistance. Sanple F was the reference sanple for
the 6 results reported in Table 4-6. The fornula to cal cul ate percent age
difference of 7 the ratios conpared to Sanple F for Tables 4-6 is: 8 9 %

‘difference = (Sanple (x) - Sanple (F)/Sanple (F) x 100 % 10 'I1 TABLE 4

12 Oxidation Resistance Test Results Sanpl e Sanple Sanple Sanple Sanple
Sanple Sanple Sanple ABC DFGH Ratio 5.16 0.81 6.38 0.63 1.00 4.10
2.63 3.56 416 -19 538 -37 0 310 . 163 216 Difference conpared to Sanple.
F* 13 'Ratio These nunbers are relative rati.os. conmpared to Sanple Fs
performance in this test Nunbers larger .than 14 1.00 perform better than
sanpl e 2= and | ess than 1.00 perfor®R&ARHE t han the reference. The higher
the ratj o 15 nunber, the higher ' or,ance of the sanple. 16 17 "%
Di ffe'rteBnce'- These nunbers-are !'ﬁ]ég;rﬁgféc‘&?ﬁté%e di fference between Sanple F
and the conparafi%g Sanple. A .18 negative nupber 1ndicates worse
performance thap *gnple F. 19 20 The results presented in Tablg 4 indicate
that Sanple A apd=3 exhibited. 21 a 416 % andj 538 %I rrprovenent
respectively, ih i dative resistance over th ence Safple F. 23
24 TABLE 5 25 Njtgdti on Resistance Test Result alfpl e Sgnpl e Sanpl e
SarrpIeSarrpIeSrrpIeSarrpIe ABCDFGH K {06 87.400.1.75

1.00 4.22 29.00 1t!11’-'.-‘&3. % 2 75 22 2 rence
- N L uelmeut~l7l$an—i _ _ :
. ) o 0.12 ; .

Absorb

2000 . 1900 1800 RIC 1600 . 1500
: b "(an—1) .

’ Ox:daum (&lor Nxtmtlon) Number Reported (abslcm) peak absorbance divuded by path length ln cm™ - (reportin
whole numbess)
During the Oxidation-Resistance Bench Test, the vnsoosrty increases of
- the samples were measured at 100°C by ASTM D 445. The viscosity i increase
10 isa percentage that oompares_the initial “fresh” _klnematlc viscosity with the end

11, of test ‘used” oil kinematic viscosity. The formula to calculate for % viscosity

© 0 N B

" 12 - difference is:

_' 14. o % Vrsooslty differenee = (Sample (X) nitial — Sample' (%) el Sample (x) w x100%
15 ' _ ' N '
16 ~ Oxidation levels of 5.8 microns and Nltratlon levels of 6. 1 microns were -

17 used as peak helght compansons ,
18 : Measurements are reported & on a relative measurement basrs S0 that
19 'large results or values represent greater levels of oxndatlon—nltratlon and
.20 vrsoosuty increase resustance Lower numbers represent shorter oul llfe
) _2--1 Sample Fwasusedasa referenoe oil and the results in the Tables 4,5and
22 6 were reported as a ratlo in-the’ ﬁrst row of each table. Thls ratlo was
23 calculated by drvldlng measurements for Sample F by the measurements taken

- 2'5'|'-|



conpared to Sanple F4 26 Ratio - These nunbers are relative ratios
conpared to Sanple Ps performance in this test Nunmbers |arger than 27
1.00. performbetter than Sanple F and | ess than 1..00 perform worse than the

‘reference. The higher . the ratio 28 nunber. the higher the perfornmance of

the sanple. 29 30 Difference -These nunbers are. the percentage difference
bet ween Sanple F and the conparative Sanple. A .31 . negative nunber
i ndi cates worse performance than Sanple F. -26 1 2 The results in Table 5

campl o1 ThEna P SR R AR 15 bomER. Jhe Gesdid Ry oL B b e ance

sanpl e2i n displayatthepencest d;ifemoee be@een‘ﬂmﬁerence SaapisFepdther ease

Resi st ance- Te t Results | e Sarrpl e
Sanpl o3 A% qﬁ%f@wmpa 4%@%@#8@2%?@%@8%@.%?%17 64 4.40 %
214 -34 22)%8/«39?56@\151@3: dribtheRer sanifles, dtmbettanppefoaﬂngtﬂae&mplleen FM8
-Ratio - These nunbers are relatjve ratios, co ared t

per f or ﬁan(!'%sﬂ%ttot%‘ga PB&S‘S%%%R'%?@@S P %&@%@or m bet ter t han
Sanpl egF 3p4iits9eSortdaan ThbleU-BETHOTOMMVRI t RalchRte pmenefgerdﬁfmencewe hi gher

t he ratlo 10 nunber: the higher the erformance of the sanple. 11 12 "96
Di f f er ncdhe rafing samparaside Sample far T g‘ﬁt'&ge di*f f erence between. Sanple F
and thg conpar ative Sanple- A 13 negatlve nunber | ndi-cates worse :
performance than Sanple F. 14 15 The results. G:I)ﬁz ble 6 indicate the

i npr ov8d per f or mancé ‘éi‘?e‘%‘&?r‘pl%g‘pﬁ(x&@a‘aﬂﬂwmef %%%f erence. sanple. The
I mpr oyjgnent ranged from 21.4 %to ' '

DIl : ' - TABLE4
2 Oxidation Resistance Test Results
: Sample -Sample '_-Saniple Sampl'e S'ample Sample | Sample | Sample |
A 8 ¢ | b | °F G | #H .1
Ratio- | 516 | 081 | 638 | 063 | 100 | 410 | 263 | 356
% | 416 | -19 | 538 37 | o 30 | 163 | 216
compared
o Sample ) _ _
13 *Ratio— ﬂ\esenuﬂlbetsarerelabvel-ahosoanparedtoSampleF'spetfonnanoemtmsmNumbetslamerlhan
14 '1.00petfonnbeﬂermanSampleFandlomman100pedormwmselhanlhereference 'mehigherthetaﬁo
%g mmberﬂwehlgherﬂ\epe:fmnanceoﬂhesample
17 - *% Oifference — These numbers are the percentage difference between Sample F and the compamtwe Sample. A
18 negatlve number indicates worse performance than Sample F. o
19 . .
20 The results presented in Table 4 indicate that Sample A and C exhibited
21 "a 416 % and 538 % lmprovement respectlvely, in oxidative remstance over the
22 referenoe Sample F '
23 -
24 TABLE 5
25 ~ Nitration Resistance Test Results
' TSample | Sample | Sample | Sample Sample | Sample Sample | Sample |
- A 1B - c D F G H ]t
Ratio* | 3.85 106 | 8700 { 175 1.00 . 422 | 29.00 1.83
% | 285 6 8600 | 75 0 | 322 | 2800 | 73
Difference ' - o o
compared
'S |

T T .
-26 ' Ratio- mesenumbetsarerelat:verahosoanparedtoSampleF'spetfonnancemﬂvst&t.Numbetslamerthan_
27 100pe:fonnbet1erthan$amp(eFandlessthan1Wpedmnwusemanmereferenoe.ﬂ\etughermembo
28 number, the higher the performance of the sample.

s 30. "%D:ffemnoe Th%emnﬁersareﬂ\eperoemagediﬁetenoebetweenSampleFandmeoomparauveSampleA
31 _.negaﬁvenmberhd‘mtesworsepecformanoethanSampleF o

-26_



17 2298 % over the. reference sanple in viscosity increase resistance. 18
Sampl es A and C perform superior to the reference sanple with 19 respect to
oxidation, nitration and. viscosity increase. Sanple C perforned 20 better
‘than all the sanpl es tested with respect to oxidation, nitration and 21
viscosity. increase. These tests that quantify a | ubr| cating oil's

resistance to 22 oxidation and nitration and the resultant viscosity
i ncrease are used to 23 determ ne whether sanples are good candi dates for
ext endi ng the. life of 24 lubricating oil.particularly those lubricating

oils for use in natural -gas fueled 25 engines. ‘Absorbi ng oxygen and
ni t rogan and t Aderresults iarfable Smmqmeimpw@é perormanee PbSampigsth absor bi ng

oxygen __and e oil particularly
bt o1 GoPEFReteRee AR, fhe BeroiGthodhidt mdh 5 P30 SeLe’s
30 Sanpl e 285 %o 860036 dvéi the referersecsainipie ar mitration tegistariceg. each one as a
31 lubricant in a Caterpillar 3516 natural gas fuel ed engine. Because the
32 Cater pillar 3500 series natural gas fuel ed. engines are one of the npst
-27 1 gommonly used and one of theTAas_E&evere engi nes with respect to oil

life, they 2 were usg tool t eterm e e of lubricating oil.
These flests were run Vds°°§'Wr1“?'F‘i"és§ ':P t‘%ﬁ"@ p| | lar 3516 engi ne at

t he sane T'O'Cat‘l“(mshepm SarkploZ[ESariplel mmﬁm)ﬂﬂﬁpld)F Savwiplel [cdalpte | Shagdle fr

introducdd in the¢ tést|ndenvi ronren?. |FlifeG 5 |lasHyséd herbkin is the

| engt h of tRﬂﬁP il BAket 966 23-9&‘\ri Odbj 1n1m | { t§P3y gaéb%_gé%l_:n || ar' s
condemni N%: eerrr'!mt 28t hat¥ir af 26%135 f Uét edl e?19| egqautriiﬁeéti ngoi|.. At 7 the .
time of tje fhe Ca erpiIIar lijmits @re presentdd in Table . 8 -.. 9
TABLE 7 JOmSa‘:‘ﬁimewpi I I'pr Linfts at] Ti mejof Tepting [Test Caterp llar Limt

O(| dat i O[‘ z ."\Q r-m h nfl a i nfra—red ennr-f ]rncmn r at i on 25.
abs1cmoby ygog ermﬁmm‘" s b Amaee Foase. 3 oSt
mcrea} e muber, ferhighehthepprormangt e Baplee Nunber (TBN) 50 % of fresh oil TBN. by
AST 1389 6ug, b e ARsEnNLERR tre ferbbblle dlerod bl amid HehARS @ Sarkgten f I €Sh O

‘3. G3W&Mmunbefhdmt% worse performance than Sample .
| '15 ' The'reSUIt_s_in-Table 6 indica_te the improyed per_fomtaﬂce of Samples A
16 and C over the reference sample. The imp'rovement"ranged from214 % to '
17 2298 % over the reference sample in viscosity increase _resi_stanoe. |
18 Samples A and .C' perform superior to the reference sample with
_'19 res'pect to oxidation n'.itratioh and viscosity increase. Sample C performed
X- 20 better than all the samples: tested with respect to oxidation, nitration and
21 wscosnty increase. These tests that quantify a Iubncatmg oil's reststance to '
.' 22 o>adatlon and nitration and the resultant vnsoosuty increase are used to .
' .'23 | determme whether samples are good candldates for extendmg the life of
24 Iut)ncatmg oil _partlculalrly-those lubricating .ods-fo_r use in natural gas ﬁ.__leled _
25 engines: Absorbing okygen and nitrogen and the resultant viscosity inctease :
._ 26 assoaated with absorbing oxygen and mtrogen are undesirable for Iubncatmg .
27 ol partlculaﬂy lubncatlng oils for use in natural gas fueled engmes o

29 | EXAMPLE 3 |
30 Sample A, D, F, ahd Gwere tested separately by using.each one as a -

31 Iubncant ina Caterplllar 3516 natural gas fueled englne Because the
32 .Caterplllar 3500 series natural gas fueled engines are one of the most
_ g _27_ _



TAN by ASTM D. 664 11 12 Both sanples were run in. the Caterpillar 351.6
until. the condemming 13 limts were exceeded. The oxidation and nitration
of the sanples were analyzed 14 using differential IR as described in
‘Exanpl e 2. Viscosity |Increase of the 15 sanpl.es was al so nmonitored. The

Vi scosity Increase analysis. is described in 16 Exanple 2. Sanple A

exhi bited better performance with respect to oxidation, 17 nitration and
viscosity increase than Sanples D. F, and G Total Base Number .18 (TBN)
and Togal oﬁHrﬁbWﬂﬁ@iaﬁJ&%oﬁtﬂé'nﬁtfs@ﬁe\lflﬁé@n@hé@wﬁtﬁrré%e'@tﬂ)orlrﬁél thejers .19

to the amount of base egw valent to mlli n one gram of

sanpl e2  @revped as gitgplde deteming fhe fite qf@%qﬂéétlngﬁll d h&?‘l‘(ﬁsﬁ‘ﬂe‘[?r'b'&uct s, and
therefg g‘%;lsa?gé &t mERbEARondo FRARIR: May be
determ nedﬁl ﬁ%h%{o éhglalﬁyﬂf T%ﬁl“?gltégrs to thgoarrbuntiEé of. acid

equi vakenthe amouataofmanablgs ﬂlﬂt ast infraducedi in the-patingcemdronrien). Qiblife gr am of

sanpl €y TAN qﬁge :ﬁﬁﬁ d in ASTM D664.
: 25 Sa u%@ﬂ grn ftlh re e%%ﬁ%‘gé%eﬁ%ﬂn% nqg:ll“?‘et he nonitored .
26 tests: annerpmzss %rlrdﬂmﬂlngllrmds'&lr nlaturalrgaesfuelemeedlnpéubr@atl@@ed it 374 % for
oil life -.2 Qon th t viscosity increase.
-28 |- %anﬁl‘% §%§bgg#be¢?%?@€3§@gg%féb‘gﬁ%ﬂge§ﬁﬂ?§6@ﬁg sane additive as 2
Sanpl egr; but in a Goup Il base oil. 3 The key paraneters that are the
first to reach the Caterpillars 4 Aﬁ eming limt are TBN and TAN. In a
corrpar?son of the next highest 5 vau ets tested in Table 8, Sanple A

out pegpor ned Sanpl e G bycae |§pr_"ﬂi&\ht1'|ﬁ|get'pégﬁny1 and 65 %in the oils -
ab|||ty'rn|nh|h|'r acid nroduction (TAN\ Z Saml e s clml:\r to C‘anp|e F.

nlits cqnposition, BEH it containg a 8 di ffergﬁ?'p&ﬁéh‘ﬂ'tty and tvpe of
ant'i oxi dqiGhadatioar Mul at €d 1 n_a_Gr oup | 25 Baoar” by differdritial infrd rew , Sanpl e
D i-s wor gélittatienn Sanpl.e F, when eval aaam"nygﬁqwmmwmw d tlest. 11

N0 -t ~Y

The cal c§Miscositningreasel a_f ar Rel at i S SBipGreasq ov gibn is:
12 13 Relld ot |50 ot fiesh ol TBI by ASTM) 28960 v, SorRke (F) X
100 % = 1Aotal AcidNusmRer( " | 2.0'numbeér increase over the fresti oifor 30’ maxinium
RO R e TAN by ASTM D 664
5 S ' .
12 Both samples were run rn the Caterplllar 3516 until the oondemnrng

13 lrmrts weré exceeded. The oxrdatron and nitration of the samples were analyzed
14 usrng drfferentral IR as.described in Example 2. \ﬁsoosrty Increase of the
15 ' samples was also monrtored The \fsoosrty Increase analysis is descnbed in
_ 16 Example 2. Sample A exhibited better performanoe with respect to oxidation,
i 17. nitration and viscosity increase than Samples D, F, and G. Total Base Number .
B -_ II8 | :(IBN) and Total Acid Number (TAN) analyses were also perfonned TBN refers
© 19 tothe amountof base equrvalent to milligrams of KOH i in'one gram of sample
e 20 .'Thus hrgher TBN numbers reflect more alkaline products and therefore a
: '_ 21 .. .greater alkalrnrty reserve 'l‘ne 'IBN of a sample may t be determrned by
N 22 | ASTM Test No: D2896. TAN refers to the amourit of acid equivalent to
23 milligrams of Potassium Hydroxrde (KOH) in 1 gram of sample. TAN can be
. 24 | determrned by the procedure descnbed in ASTM D664. :
.25 Sample A outperformed the referenoe Sample F in.all the monitored
| 26 tests fnom 176 % for TAN level to' an estrmated percentage of 374 % for oil lrfe

27 .based on the oondemnrng limit for percent viscosity lncrease

228 -



16 Oxidation,
Cat er pi IIarTest of Sarrpl es A D F and G
DF G Hours to Reach Caterpillar
“Rel ative Percent
Oxi dation Hours to Reach Caterpillar
. Rel ative Percent
Nitration Hours to Reach' Caterpillar

17 TBN and TAN-Results for
Sanpl e Sanpl e Sanple Sanple A
1894 475 479 1082. Oxidation

1 0 126 to Sanple F for
1256 496 450 765 Nitration
to Samle F for
600 767 2099

Nitration, Viscosity Increase,
Limt for
| nprovénment Conparison 295 ' -
Limt for
| nprovenent Conparison 179 10 0 70
Limt for 3632

Vi scosi,ty Incr I ‘?Hg Rt @HEH - 22 0 174
to Sample F for s%gs '(r%ease %’ﬂaéq etécﬁ%ga%terpl L| mt for TBN
1. 155 208 Sarﬂﬂ&FBﬁﬁtmlmGamp\llebmrmlent | mprovenrent Conpari son 183. 0 0 . 112
to Sanple' F f

714 Rel ati ve

Tl o Sl 511 2 (2

TAN 18% NQbeldemTlh@ Ilm:‘o‘mSTBl\yaﬁdiIAMM sohparisvanfitiee Aext highesest | mat e based

an bend ana
Conpar ISSOI‘P

o et Aot gamoly A dfeaed Somele 6 R e oLy

separ agel xeié\suo#ahaes%ﬁméreﬂsam@to lnlﬁﬁtédl@ lddaﬁﬁod (TAN)e same Caterpillar

3516 nat ur al gas fuel ed e ne f-or
nitraton of tMA '§§"'M%F@9§ﬁ'£‘P elﬂ‘W"sﬁmﬂq

descri ged %d?ergﬁ
by using t
Nurrber ‘9( Tmyrfoamance®f;

about - gear The oxi dati-on and

‘ftéﬁ"él‘f‘ﬁ'%ﬁ | R as
?and\{yﬁéeﬁéﬁﬁbﬁdaﬁt; farkildidd i‘nhﬁs ltase ol 3TH&S moni tored

e Vis 03| t’g I ncr ease test described in anple 2: Total Base

ample @ invyaree ﬂ\all%“ldﬁgl- yvhea evéuﬁl@ﬂé" 8l so perf or med.

AS deslﬁr' t@:ﬂel‘dlla%ﬁ%sﬁ 3.

4

11

12

- 13

14
15

17 -

TBN and TAN Resuits for Caterpillar Test of Samples A, D, F and G .
Sample Sample Sample Sample .
. . - , - - A D 1 F G
{ Hours to Reach Caterpillar'Lirnit for 1894 - 475 479 -1082 :
Oxidation . : :
'Relative Percent Improvement Companson 295 -1 0 126
| to Sample F for Oxidation ; . -
1 Hours to Reach Caterplllar Limit for - 1256 - 496 450 765
1 Nitration. _ : ' 1 _ .
Relative Percent lmprovement Companson 179 10 0 70 -
- to Sample Ffor Nitration - B o o .
- ‘1 Hours to Reach Caterpillar Timit for 3632¢ 600 - | 767 | 2099
.| Viscosity Increase : S L o .
Relativée Percent lmprovement Companson 374 | -22 0 174
' to Sample F for Viscosity Increase . . : NP
Hours. to Reach Caterpiflar Limit for TBN 1165 408 .| = 408 866
- {1 Relative Percent lmprovement Companson 183 0 0 | 112 -
| to Sample F for TBN : - - o
Hours to Reach Caterpillar Limit’ for TAN 4176 392 426 714
‘Relative Percent improvement Comparison 176 -8 S 68 .
1 to Sample F for TAN

19
20
21

g
23

The calculation formula for Relative Percent Improvement for Table 8 is:
Relativé Percent Improvement = (Sample (x) —_samplé (F)¥Sample (F) x 1QO %.

TABLE 8
Oxudatlon, Nltratlon V‘sc051ty lncrease

EXAMPLE 4
(a) Companson of Samples Aand G

“Nols - mwmmumAbmWWmmmdmmmwwﬁ

Samples A and G were tested separately by usmg eachone as a

-lubncant in the same Caterplllar 3516 natural gas fueled engme for about .. -
- zg -



6 The performance of Sanple A was surprising and unexpected conpared 7 to
Sanple G Both sanples were fornul at ed.
parameters of TBN and TAN performance,
life of 75 % and 38 %
The cal cul ation fornula for
11 12 Rel ative Percent

critical
“9 oil

100 %

fGOlI; or Oél dalty%j -ﬁgﬁ 'on ﬁgurnﬁﬂ'@é

2632* . 2Reldifferential R as dascribedrim Example Z’.‘qusﬂ)slomaaeesﬁﬂ'm wanplénr 13 0

i VianbAhorari ool &setbSE &2
Vi scosigty Emmeaer dtalBasd Numbac{TBBYaad Totdl AcidurmbéofTANGEnaly8& 990 .
Relatlve Per cent | ppr.ove, rlsonto 75 0 Samle G for TBN
Hours fo Ré%(@ﬁps@éleéff%ﬁﬁ ﬁﬂ?ﬁﬁ"g‘éﬁgm%e%% 1.1.11 Relative Percent
| nprovement  CompalpefBAnarteSHBUMpIE A Wis siitpfsing Ahd Ghexpyeted oonfimedﬂ tration
and vi scosity _increase hour fo;I MRI e A

Nitratjion -Hours.to

RS, ‘f‘?%?‘% ¥iifipg

* 30809

| evel

trend gnal 9§|3§1R§99 BOMQ?WE%WSEPW

B and

20 ‘| ubr: |"cant

respectively,
Rel ati ve Percent
| mpr ovenent

of B S

ach

was noni

descrittted in Exanpl e 2.
Relative Peroent lmpmvement = (Sample (x) Sample (G)ySample (G) x 100 %

12

13
14

"TABLE 9
Sample A | Sample G
- {Hours 0. Reach Categplllar Limit for Oxidation : 1984 1506
- | Relative Percent Improvement Comparison to Sample G for 32 0

| Oxidation .
Hours o Reach Caterpillar Limit for Nitration 2965*. 2632*

: Relatlve Percent Improvement Comparison to Sample G for ' © 13 0
Hours fo. Reach Caterpillar Limit for Viscosity Increase 3381* 3080°
Relative Percent Improvernent Companson to Sample G for 10 0

| Viscosity dncrease __ : _

| Hours to Reach Catenpiltar Limit for TBN - 1733 . 990 .

-1 Relative Percent Change- Improvement Companson to 75 0

| Sample G for TBN : . . -

| Hoiirs to Reach Caterpillar Limit for TAN - 1538 . 1.1(,-)11 .

38 B

in Goup II

= (Sanmpl e (x)

@ AN SéioRafe) Sani

t he sarre Cat er pi I | ar 3516 natur aI
about 921 of |l§<e@fr75 %randi38 Yarespechyaly. whepsomparest toy
usi ng %2 di ffegﬁ@tch%hlatl

t he sarrpl es rﬂﬁﬁegfdr%@aWét hwm‘

I SCOSI ty

re an_esti,

Pfouﬁ bage okapd 1t

base oil

ity Increase"
nple G for

‘| Relative Pemnt lmprovement Comparison t to Sample G for

TAN

(b). Companson of Samples BandF '
_ Samples B and F were tested separately by using each one as a
lubncant in the same Caterpillar 3516 natural gas fueled engine for about
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“Nota - meﬁaﬁmbvdmmtymeasehambrSanueAmemesﬁnatebasedmmmdm
UsedOﬂAnalysls(UOA) C _

.. _1 yeat. The oxidation and nitration of the samples were analyzed using
- differential IR as descnbed in Example 2. Vsoosrty Increase of the samples .
. was monitored by_usmg the’ VlSGOSlty ln_cre_as_e test described in Example 2.

and in the 8
Sanpl e A had an increased
when conpared to Sanple G 10

| mprovenent for Table 9 is:

- Sample (GQ)/Sample (G x
13. 14 TABLE 9 Sanple A Sanple G Hours to Reach Caterpillar Lim
each Caterleé%ar |% ¥orﬁ

arison to Sanple
Nitration 2965'. .

t e based on
on of Sanpl es

i A Hud atinB@asa@th one as a

g S fueled engi ne for
Ies wer e anal yzed

&o@em}{h%PﬂaElé! gligicr ease of .

| ncrease test




-30 1 Total Base Nunber (TBN) and Total Acid Nunber (TAN) anal yses were
also 2 perforned using the testing described in Exanple 4. 3 The
performance of Sanple B was slightly better when conpared to 4 Sanple F.
‘Both sanples were fornullated in Goup | base oil “and in the critical 5
paranmeters of TBN and TAN performance, Sanple B had an increased oil life
.6 of only 20 % and 16 % respectively, when conpared to Sanple F. . 7 The
calculation forrmula for Relative Percent. |Inprovenent for Table 10 is: 8

9Re| ti le (F) x 100
s 10 11 TR EaS NunBRTENEERY o AR b R TANT AR SR R T 1) 1 T
%I gat Qoirld;%'aﬁt_ nﬂé&Hgsﬂglt?é telg&ngadembed imﬁxamplednt t C?npaer tson to Siﬁlfselgofzor

_ atio ur 0 Re r a or Nitration
Rel at i 8e< Per ce PW@%%%%& Ilgi'ﬂéh%?remf@q‘ e‘#)P Nitration
EO:M ts 4t OPS%ﬁﬁthFCsbﬁf Sachplas mrégodmﬁated i GtOOﬁS [ basé aca:?mehelamal 1304
el ative Percen oveme ari so F.for 5..0 _Viscosity
| ncr eade HSAEetes O MP‘F’%’@ Q'B?'e%(g%' e‘{‘-@&ﬁfﬁ ve Percent
| pr ovgneRjs W/I %, FESPRLEV Wh(en& redBd S¥aHpie £ 0 Reach Caterpillar
Limt for TAN"800 690 Rel ative Igeﬁrcent Igg)raoverrent %oggarl son to Sample F

for 1670 Thaealqulatioaifermulafar Relavediargentimpeyemenbiar Jabls 1048 pl ¢ B and
Sanpl egFare an estinmate based on trend analysis of the 13 used Gl

anal ysis (uoA) 14 15 (cé_‘qOorrparl son of Exanples 4(a) and 4$b) .16 The
per f or Bance of RetafivpPercont owemyament SK%PH(EWWF)SWF)W@ 17 Sanple G
Sanpl ggA and G both include Goup Il base oils. The perfornmance

S | . - TABLE10
' _ _ o Sample B | Sample F
"Hours to'Reach Caterpillar Limit for Oxidation 958 825
Relative Percent Improvement Companson to Sample F for : 16 -0
Oxidation ) ' _
| Hours to Reach Categ)illar lelt for Nitration - ' 1116 1002
1 Relative Percent Improvement Companson to Sample’ F for 11 1 0
Nitration =
- Hours. to Reach Caterpiflar Limit for Viseos:ty Increase | 1364* 1304*
] Relative Percent Improvement Comparison to Sample F for 5 _ 0
.- | Viscosity Increase ' ' .
" | Hours to Reach Caterpillar Linit for TBN ' N 693 - 578
Relative Percent Improvement Companson to Sample F for 20 0 -
TBN - L
- |Hours to'Reach Caterpillar Limit for TAN . § 800 690
| Relative Peroent Improvement Comparison to Sample Ffor '_ 16 : 0
L TAN

12 - *Note - Thevsws&yhaeasehansfaSamdeBaﬂSanp!eFmemedmutebasedemdys&sdme '
137 Used O Analysis (UOA). - : '

14 . _ o
15 (c) Companson of Examples 4(a) and 4(b)
16 The perfon'nance of Sample A shows a significant lmprovement over

17 Sample G. Sample A and G both include Grou_p_ {l base oils. The pefformance = X
18 increase in the barameters' that reach the Catempillar's oondemning {imit first, o
19 TBN and TAN levels show Sample Awuth ar’5% and 38 % lmprovement
_ 20 _ respectlvely, compared to Sample G _
o "21 .. . SampleB performed shghﬂy better than Sample F. Companng the same
_ 22 para_meters of Sample B and Sample F to Samples A a.nd G, TBN and T_AN _
e 2_3 levels, show a 20 % and 16 % improvernent réspeCﬁ\iely Sample A exhibits a
24 | _surpnsmg and unexpected lmpmvement when used with Group I base ouls
- 31 -



18. increase in the paraneters that reach the Caterpillar's condemi ng
-limt first, 19 TBN and TAN levels show Sanple A-with a 75 % and 38 %

i nprovenent, 20 respectiwvely, conpared to Sanple .G. 21 Sanple B perforned
*slightly better than Sanple F. Conparing the sane 22 paraneters of Sanple
B and Sanple F to Sanples A and G TBN and TAN .23 |l evels,. show a 20 % and
16 % i nprovenment, respectively. Sanple A exhibits a 24 surprising and
unexpected i nprovenent when used with Goup It base oils. -31 1 2
EXAMPLES 3 Samples C and E were tested separately by using each one as a 4
| ubricant in the sane nodel Caterpillar 3516 natural gas fuel ed engine at
the b52sane |location. Sanple C walSXAMPLEIS by using it as a lubricant for a

? Tubr Peant 1 o uhHay AR whrdBBledep 3By By bslBZp A 3% vati on ana

ni t r at 4on. labricadt intthe samephadel GatarpitlacdSiGathtural gus fdelell @ngine! atithe R as

descri hed i.n anmpl e 2. i scqsity.lncrease of .the sanpl es was nonitored
by usi SQ t*??é"e%% ?9"?%¥H@sgﬁ§%xp¥é{s'"@é€%§?[5@ﬂc?ﬁ%%rgnpl e 2. Total Base
Nunber 6( TENitedilldr 351Gior 606106 mbhtHY. BaRipld & AN tastad 1§ asing@i4s &l so per f or ned,

as descrihed in anple 3. 12 Sanple exhibited surprisingly better

per f or fan @Wh&@&%‘?ﬁﬁbﬁﬁf& aboytalyyrar; the exdation andinitrationiafy at i on,

Vi scosity th@ShmpRS weT@Hnél?i’edTeﬂ\ih%H%réﬁiaﬁm Geseribdd'm Ex@ile 2f performance.
i nproved froma mnimumof ..15 87 % increase for oxidation to 101 % and
108 % Por Misgositeincegasaof the samplas was reonitared byugieag the\isepsity 7 The | evel of

Tt I 1A REPALOEIRISERAIED. Y06 Bage NAMGERITAN) dnd AR AGE 21 2. 1OV

éQ 'oi 11t %ﬁm:?er_r@{étihedaly#qs werelafisdpe rfcmwd cwdesﬁib%immh d:dariis. \',I;Q: is _\Q/gtjlod -
: u : _ \ W

Dher 121 57 1 SeeROERBHIRED OSBRSS, 0efab hesSrmaiBh Win Mo fFtle L

t hough3 Sanmpdtion iPéxidatongniratien] vigebkitbiagease | TBN and GMiEthanng |init. To gi ve

e T B oo BRI, | I
the | agel 87f%Mmidreadd fonokidatinstori0a % aindNi0BY%, &dtdhe képaitas @PFBNYandCr ease for
o U7 aifon A SPSRENBAD o C vas 143 vihen Sampl e E reached the
17 : The level of nitration and viscosity increase of the oil for Sample C rose
18  atalowrate. When this rate is used to estimate the number of hours it takes for
19 oilto be condemned, it would be in excess of 15,000 hours. This would be an
20 unfair _oor'npaﬁ's.on beca_uée Sample C would have been well below the
= 21 minimum fimits for TBN.after 1 1_52_.ho'u:s of operation: Even though Sample C
22 was_'d_r_aifned well beyond this condemning limit. To give a realistic pers_pecﬁyé
23 . of the Nitration and Viscosity Increase performance, two additional lines were
24 - added to the chart, which shows the level of nitration in absorbance units and
25 _vi'sgosity increaSé'fOr Sample C at the same hours when Sample E reached the
* 26 limit. The nitration level for Sample C was 1.83 when Sample E reached the
27 Caterpillar limit of 25. The viscosity increase for Sample C was 0.24 cStover
28 the fresh oil at the same hours of engine service when Sample E reached the
.29 Caterpilarfimitof3cSt. |
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27 Caterpillar limt of 25. The viscosity increase for Sanple C was 0.24
cSt over 28 the fresh. oil at the sane hours of engine service when Sanple
E reached the . . 29 Caterpillar limt of 3 cSt. -32 1 The cal cul ation
“formula for Relative Percent |Inprovenent for Table 11 2 is: 3 4 Relative
Percent | nprovenment = (Sanple (C) - Sanple (E)ySanple (E) x 100-% 5 6
TABLE 11 Sanple C Sanple E Hours to Reach Caterpillar Limt .for Oxidation
1812 969 Rel ative Percent Irrproved Conparison to Sanple E for 87 O

Oxi dat j on Hour ch | ' h?éng of 2033*

Rel atiVe Perce Mﬁlﬁgﬁ) %ﬁm{e ﬁ%%eﬁtth@\{?or g"g;%él ﬁlgt ration.

Ni tratg onjsbl R vaI ues at equal engine hours Wnen Sanple E 1.83 25.00 '
reached Caterpillar Limt Hours to Reach Caterpillar Limt for Viscosity

| ncreake 15,000° 1200  Rel ative Percent | mproved Conparison to Sanple E for
1150 04 Vi scoaielauvelﬂaﬁaé:&aﬁ@oMnaﬂoaS&WéMmee(Ealsaesle(ﬂ)xeﬁﬂml engi ne hours
when 0,24 3.00 Sam ple E reached Caterplllar Limt Hours to Reach -

Cat erp?l lar Limt for TBN 1152 573 Relative Percent |nproved Conparison to
Sanmpl egE for TBN 101 0 Hours to. TRBhEMCaterpillar Limt for TAN 1667 800

Relatlve—pepeenw%%d—eenae&er—seﬁ—t—e—Saﬁpl—e 7 *Note -
The nitration | evel and vi scosr ty ‘increase fours or Sarrp_l e C were
estimate Ghlihr DA foFOxidatidh - - the ' 8 psefB1af Analgpsi s ['. Al so, the
vi scosi t /RHQ@V@@%&&\tW\&db&hp&i@éﬂleaﬁpw\Elf@ est| mat&dd b3dsedOon tfrend
anal ysi s| okiditbe 9 Used oa Analysis (LM 10 11 EXANPI 12 Sahpl e B was
conpar-ed] HourSwrReadrCaterpilar bird fgC Niteatioy esi st.ance 027,778 2033
o Relative Percent lmproved Companson to Sample E for 1267 - 0
Nitration. . - . _
Nitration DIR values at equal engine hours when Sample E . 1.83 25_.0_0
reached Caterpillar Limit | . .
Hours to Reach Caterpitlar Limit for Visoosrty Increase 15,000* | _ 1200
Relative Percent Improved CompansontoSampleEfor 1150 - _ 0
Viscosity Increase - . _
Viscosity Increase values at equal engine hours when 024 3.00 .
SampleEreached Caterpillar Limit '_ _
| Hours to Reach Caterpillar Limit for TBN 1152 - 573
| Retative Percent lmproved Companson to Sample E for T‘BN - 101 0
) Hours. to Reach Caterp'llar Limit for TAN - 1667 800
| Relative- Peroent improved Comparison to Sample E for TAN - 108 0
7 - mmﬁmmmvmwmmthathmmmmmmmdm
g Used Ofl Analysis (UOA). Also, GevswdtyhaeasemwSampleEwew&mledbasedmm\dmalysisdme
9 UsedOilAnalysls(UOA) .' .
10 . . :
11 o ' - EXAMPLE 6 -
T 12 SampleBwas oompared to SamplesA J-and K for resistance to .

13 oxxdatron usrng the test pnooedure describedin. Example 1. The results of: thus _
14 test are presented in Table 12. These results mdrcate that Samples A, J and K_ '
15 '_ _work surpnsmgly better than Sample B. The only . dlfference in Sample Band
16 Samples A, J, and K is that Sample B includes Group [ base olil, whereas
17 Samples A, Jand K include- Group It, i1, and IV base oils, respecl:vely These =
18 _ results'show that this additive works surprisingly better when combined with
19 Groilps {1, 1, and IV base oil than the same additive when used in Group | .
20 base oil. R - o '
21
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13 oxidation using the test procedure described in, Exanple 1. The results
of this. .14 test are. presented in Table 12. These results indicate that
Sanples A, J.and K 15 work. surprisingly better than Sanple B. The only
“difference in Sanple Band. 16 Sanples A, J. and K'is that Sanple B includes
G oup | base oil, whereas 17 Sanples A, J and K include Goup Il, Ill, and
|V base oils, respectively. These 18 results show that this additive works
surprisingly better when conbined with- 19 Groups It, 111, and IV base oil
than the same | vv\/nenu-i.oul.o 331The
cal cul &t i on foraﬂlﬁ "F'ﬁ‘?t'o@){f’ ?g‘?f(&@é;‘i;tﬂ"gﬂ%sé?‘ﬁ %%‘%q'ﬁ“(?%\'i\ﬁ |
Conbi ned wWChimbidedWith Groups 1, U, 11l aeney/ BXs@@ﬂ@e;@eheﬁt@@b g foRewiny: the
following: 3 4. % di f f erence = (Sanple.(x) - Sanple (A))/ Sanple (A) X
100% 5.6 The results of the calculations are in Table 12. 7 8 TABLE 12 9
Oxi datifpn Resi si, it a V. ARPSSR d 1968 Goups I, I, '
1] and 1V BasZyO I %ﬁ%eup(%#&bt(k) esm(ﬂ%ép» 11 Gmgu(ml I gcgrqoup |V Base O I
Sanpl e B Sanple A Sarrple J Sample K Ratio' 0.64 1 00 120 1,14 %
D ffergnce' - - ngbers are relative ratios
corrpar.gd; to Sarr]gfqz3 %ﬁq‘%%arrlaoﬁggé narfﬁﬁg%ts‘gst Nunbers | arger than 12
1. 00 petformbetter than Sanple A and |l ess than 1. 00 perform worse than the
reference. A higher the ratio nunb epresents Now performance of. the
sanpl e%\15 "*96 Difference- Thesenbﬁnté%e"érz-rare t he percentage difference-
bet weer9 Sanpl e A and t@mdaﬂap&@sbanc@aﬁphd\ddﬁhvawmagat| ve nunber :
| ndi catees worse perf @ombinediWith Greupsd, IB.1l Ad {8 Base\BIRT | S CLAIMED I S:- 2
3 1. A nafur alGrg@sofengi he |G icat [ ngsroup il cdnpGramphiy §. GroupgWt ¢ about 2.5
wt % 4.of|_one BasePilre | i qmg'-d -Sampjey\l 4- $amplerk v oﬁmeKoropl_onate
hi nder ed - Ratio* - 1.20 1.14
- % Difference™ -36 - 0 - 20 - 14 -
*Ratio waembusammhMmboswmaedeaMeAspafmnanwh&\st&d.Nmmashmerﬂm

100petfambeuermanSampleAandlesmm100pafmnwseﬂ\anmemfe(ence Ahlghefmerationwnbef
mpresenlstigherpetfomanoeofmesmlple

“*% Difference ~ Th&enmbasaeﬁwpawntagedﬁemnoebeMemSambAaMﬂeommaﬁveSample A
negauvenunberhditzteswcxsepenfommwemanSaﬂueA.

—
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5 phenols and a major anmount of at |east one Goup Il and Il base oils. 6
7 2. The natural gas engine lubricating oil of claim1, wherein said
"hindered 8 phenol is one or nore |iquid hindered phenols of the general
“formula: 9 100 11 XA\ Il 12 HOOCO R 13 X 14 wherein Ris a C7-C9

al kyl group. 15 16 3. The natural gas engine lubricating oil of Claim1l or
2 wherein onto about 1.25 wt. % of the lubricating oi
conpri ses the“&*&ﬂﬁﬁ5ﬁlﬁﬁgﬁ9 Si1g phenol. 19 20 4. An additive formnulation
nat ural gag engi nes conprisi-ng the hindered 21 phenol of Claim1l or 2 and
one or nore dispersants, one or nore detergents 22 and one or nore wear

i nhi bi tors3 231. 24 Anattial gastengine ybscating eibcomprising 0.6 1gt%itd abbut2 Hiwi% or
88 ,as, determ ned

2 h 5 f 2.15 t t
A daee of os ol gl MR Bie- et dn farty bRe R HonOnale BRacTn G i m 1
or 2 having a tshietolfahd aZRajepairRht 6f atdesstictle GRUD Pand W badé 6ifs.0- 95 Wt . %

as determ ned by ASTM D874. 29 30 7. The natural gas engine lubricating
oil of dafPm1 or 2 haV| ng a total ash 31 content of greater than 0.15 wt.

nat oral gad engi ne TEUTLER di5 UM BaBntr of BT LN 1, wneren saft finkiered

nat ur al gas englne
cont ent of 8gr @dn'eaol nshme or. rhbreMiquidhiridres pheher df the Wenefdl fsmflga:er m ned by

3 ASTM D87é.

10 @)

' X ll

12 HO @—CHz CH, —C Q) R

13 X |

14 ‘wherein R is a C;-Cq alkyl group.

15

16 3. The natural gas engine lubricating oil of Claim 1 or 2 wherein about 0.6

17 wt. % to about 1.25 wt. % of the lubricating oil comprises the liquid hindered

18 'phenol .
19 |
20 4. An additive formulation natural gas engines comprising the hindered

21 phenol of Claim 1 or 2 and one or more dispersants, one or more detergents
22 and one or more wear inhibitors.

23
24 5. The natural gas engine lubricating oil of Claim 1 or 2 having a total

25 - base number of about 2.15 to about 8.88 as determined by ASTM D 2896.

26

27 6. The natural gas engine lubricating oil of Claim 1 or 2 having a total ash
28  content of greater than 0.3 wt. % to 0.95 wt. % as determined by ASTM D874.
29

30 7. The natural gas engine lubricating oil of Claim 1 or 2 having a total ash

31 content of greater than 0.15 wt. % to less than 1.0 wt. % as determined by
32 ASTM D874.

33
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5 10. The natural gas engine lubricating oil of Caim1 or 2 having a total
ash 6 content of greater than 0.6 wt. %to less than 1.0 wt. % as
‘determined by 7 ASTM D874. 8 9 11. The natural gas engine |ubricating oil
*of daim1l or 2 having less than 10 4000 ppmsulfur. 11 12 12. A nethod
of making the natural gas engine lubricating oil of Claiml or 13 2 by
combi ning the liquid hindered phenol of Claim1l or 2 with the base oil of

14 d ai m 1lor & i n Ewynatucktigageagredubgcatify oil 6f G:Balmﬁi o2 hadingfa tdtbraérﬁtl ng
or nore natural _

nat ur al nes risjing |ubricating one
engi nes w ?h F‘?’Hé’? Q%tﬁf ﬁhagcQﬂﬁ g 2g°t|ﬁ§3 Fh%ﬂ.l@@ Wi reias é&te%n%bbiol of
Caim1l or32. A9rma9sA4. A natural gas engine lubricating oil conprising a

maj or anmount of at 21 l'east one of Group Il and 11l base oil and a m nor

anount of #iquid 3,5-di-t-butyl 22 4-hydroxy phenyl propionate hindered
droxy ,

phenol . [ bepze ro n0| 5-bis. 23 (1, 1-djnethyl-
C7-C9 brangheg%gl k {tgpaipaégﬂglrfgluﬁgcgtﬁr}éo%g{&agp géI’SZB %’l"ﬁ)ea F‘?}ﬁ aghyt ng
oi | of clagm béntéﬁt@f@féhtéhﬂahlmm %@ lasélﬂﬁérﬁﬂome%ésu%té?ﬁﬂﬁ gropano' c
acid, 3,5-bis 1-di et hyl -ethyl)-4- 27 hydroxy-, C branc

esters 28 729 Mﬂfe”natural gas engine lubricating oil of Caim14 or 15
havi ng | es 30 than 4000 ppm sulfur. 31 -36 1 17. The natural gas engi ne

| ubricating oil of Claim114 or 15, wherein about 2 0.6 wt. %to about 2.5

w. % of the Hdabri Takirgurel jas eAginedabritdting d)lﬂéf@lahhﬁd&rEHavi?\ﬁH@%man 4 5
18. The natural as eng| ne lubricating oil of Caim1l14 or aving a total
6 base nubber 4800 ppAusUfuris t o about 8.88 as deternined by ASTM D 2896.

11
12 12. A method of making the natural gas engine lubricating oil of Claim 1 or

13 2 by combining the liquid hindered phenol of Claim 1 or 2 with the base oil of
14  Claim 1 or 2 in any order and mixing.

15 _
16 13. A method of lubricating natural gas engines comprising lubricating one

17 or more natUral gas engines with lubricating oil comprising the liquid hindered
18 phenol of Claim 1 or 2.

19

20 14. A natural gas engine lubricating oil comprising a major amount of at

21  least one of Group Il and lil base oil and a minor amount of liquid 3;5-di-t-butyl
22 4-hydroxy phenyl propionate hindered phenol.[benzenepropanoic acid, 3,5-bis
23 (1,1-dimethyl-ethyl)-4-hydroxy-, C;-Co branched alkyl esters].

24 .

25 15.  The natural gas engine lubricating oil of claim 14, wherein the liquid

26  hindered phenol is benzenepropanoic acid, 3,5-bis (1,1-dimethyl-ethyl)-4-

27  hydroxy-, C7-Cg branched alkyl esters

28
29 16. The natural gas engine lubricating oil of Claim 14 or 15 having less

30 than 4000 ppm sulfur.
31
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7 8 19. The natural gas engine lubricating oil of Claim114 or 15 having a
total 9 ash content of greater than 0.3 wt. %to 0.95 w. % as determ ned
by ASTM 10 D874. 11 12 20. The natural gas engine lubricating oil of
*Claim 14 or 15 having a total 13 ash content of greater than 0.15 wt. %to
less than 1.0 wt. % as determined 14 by ASTM D874. 15 16 21. The natural
gas engine lubricating oil of Cdaim114 or 15 having a total . 17 ash

cont ent of 1gr dat er Thearatdral asvengiietlabliesting dibof Clabn 4. orh5 wiikaeier aboued 18
f daiml4

by ASTM D874. 20,22, T nat yr al engi ne |ubricating oil,
or 15 havi fig 91998’%2’ tofkoﬁgﬁﬁc%t)éﬁf "%ﬁaﬁ‘ﬁf'é tfré?ro'l F%fﬁpﬁs.‘%‘m‘?"%'@g“q@:%%dthan
1.0 wt. %as geeapm ned by 22 ASTM D874. 23 24 23. The natural gas engine
| ubricating oil of Claim114 or 15, wherein the 25 natural gas engine

| ubricatingg oil contains no Goup Il base oil. 26 27 24. A nmethod of

| ubricating a,gaturgl s fuel ed engjne. ¢ ri Si . 28 lubricating,the
natural ga fl]gf ed ﬂ}?g'?%é"'%qaﬁ qr}gén% ire 'rq@%(’tﬁ&"ﬁ‘e& 9@%5@”%&@5‘ oi |

of Caimlg obaddnuifberdilaBéut 21586 aeduf 8/88BKddtBrrhinedNH ASTM DagegaIgi ne
lubricating oil of Claim14 32 or 15 conprising conbini'ng the liquid

hi ndereddp enol with at |east one of 33 Gr]?up Il and 11l base oil in any
i qui d i rider a3 pndfS kel g S8 ibicathe LB 1 S BPhaIhER T o

or nore wear askconteat of greaterahah @G ivt. % 009D Wt sWl ddetetmiridl bg ASAe and
phenate detergents. 5 6 27. A natural gas engine lubricating oil

conpri si nbo a Afr amount of the
11
12 20. The natural gas engine lubricating oil of Claim 14 or 15 having a total

13 ash content of greater than 0.15 wt. % to less than 1.0 wt. % as determined
14 by ASTM D874.

15
16 21. The natural gas engine lubricating oil of Claim 14 or 15 having a total .

17  ash content of greater than 0.15 wt. % to less than 0.6 wt. % as determined
18 by ASTM D874.

19
20 22. The natural gas engine lubricating oil of Claim 14 or 15 having a total

21  ash content of greater than 0.6 wt. % to less than 1.0 wt. % as determined by
22 ASTM D874.

23
24 23. The natural gas engine lubricating oil of Claim 14 or 15, wherein the

25 natural gas engine lubricating oil contains no Group Il base oil.

26
27 24. A method of lubricating a natural gas fueled engine comprising

28 lubricating the natural gas fueled engine with the natural gas engine
29 lubricating oil of Claim 14 or 15.

30
31 25. A method for making the natural gas engine lubricating oil of Claim 14

32  or 15 comprising combining the liquid hindered phenol with at least one of

33 Group ll and Il base oil in any order and mixing.
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7 additive fornulation of Caim26 and a major anount of at |east one of 8
‘Goup Il and I'll base oil. 9 10 28. The natural gas engine |ubricating oil
“of Claim27 conprising about 4 11 wt. %to about 16.50 wt. % of the
additive formul ation and about 40 wt. %to 12 about 97 wt. % of the base
oil. 13 14 29. A method for lubricating a natural gas fuel ed engine
conprising 15 lubricating the natural gas fueled engine with the
lubricating oil of Gaim27. 16 17 30. A nethod for making the additive

o108 SogCL B BReL R ot g P BiedRoSe S SR

one or
i nder ed p@enqh drr15aBMe‘Ur(i|ﬁ<5reQﬂ§bé§éﬁt§t bR ot Ridrk we')é} |HP1|6E¢5'FS 3hd af feadt
Anat ural gas engine lubricati nlg npri si ng: out 1 wt. %'t
about 8 w4 9®Be opaulfenatapsalicy end@lheaateciaemrﬁ&out 1 w. %to about 8.5
wt. % of ope or nore detergents 27 28 about 0.2 wt. %to about 1.5 wt. %

of.one or re wear inhibitors ; 29 30 about 0.6 wt. %to about 2.5 wt. %

liquid 3,5 -dp7t - batndturkl bﬁﬂreﬂ@he%bﬁd%imdmpé&ﬂbﬁﬁﬁ %ﬁilmrﬁ& kst e

[ benzenepropanoic acid, 3,5-bis 2 (1,1-dinethyl-e E/ 2 hydr oxy-, C7-C9
2| leaamn@of . % of

branched al kyaddiiyefaymulatien oe@lwrsz?& arubemamoamoun%)
at | east e 1l base oil, wherein the natural gas engine
| ubri catlﬁ% o?Fo'%@lég]dlgl%aS% | ash content of 0.1 wt. %to 1.5 wt.% as
determ ned by ASTM 4 D874. 5 6 32. The natural gas engine |ubricating oil
of clai m31 V\@er n about 0.6

The natural gas engine lubricating oil of Claim 27 comprising about 4

11 wt. % to about 16.50 wt. % of the additive formulation and about 40 wt. % to
12 about 97 wt. % of the base oil.

13 |

14 29. A method for lubricating a natural gas fueled engine comprising

15 lubricating the natural gas fueled engine with the lubricating oil of Claim 27.

16

17 30. A method for making the additive formulation of Claim 26, comprising
18 combining one or more detergents; one or more dispersants;-one or more

19  wear inhibitors; and the liquid hindered phenol in any order and agitating until

20 mixed.

21

22 31. A-natural gas engine lubricating oil comprising:

23

24 about 1 wt. % to about 8 wt. % of one or more dispersants;

25 _

26 about 1 wt. % to about 8.5 wt. % of one or more detergents;

27

28 about 0.2 wt. % to about 1.5 wt. % of one or more wear inhibitors ;
29

30 about 0.6 wt. % to about 2.5 wt. % liquid 3,5,-di-t-butyl 4-hydroxy
31 phenyl propionate hindered phenol [benzenepropanoic acid, 3,5-bis
32 (1,1-dimethyl-ethyl)-4-hydroxy-, C;-Cg branched alkyl esters]; and
33
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7 W. %to about 1.25 wt. % of the lubricating oil conprises the liquid
hi ndered 8 phenol benzenepropanoic acid, 3,5-bis

(1, 1-di net hyl -et hyl ) - 4- hydroxy-, C7-C9 9 branched al kyl esters 10 11 33.

The natural gas engine lubricating oil of Claim31 or 32 having a total 12
ash content of greater than 0.3 wt. %to 0.95 w. % as determ ned by ASTM

13 D874. 14 15 34. The natural gas engine lubricating oil of Caim31 or
32 having b total abéubdhwt.httembout 9gmdalicof atHeast@resofBropli o | ess t han
19 35. The n as engine

1.0 . % d STV
I ubr\iNE:atl asm Iet g; m@ﬁ?iﬁﬁﬁﬁoﬁy‘” oreii enréatgrzﬁ&aaengﬂp M%@Pﬁjr@ﬁb gia gr eat er
than 0.15 . % t otdigisgsH EgHteMt & OM wtXP® ﬂst\ﬁf%‘ BS detetiked DY NG TR 74. 22

23 36. The natural gas engine lubricating oil of Claim31 or 32 having a
total 24 4sh contB874of greater than 0.6 wt. %to less than 1.0 wt. % as
determ ned. by 25 ASTM D874. 26 27 37. The natural gas engine |ubricating
oil of CAam30 or 31, wherein the 28 natural gas engine |ubricating oil

contains np Baup | Thehferadghs e?aglneaﬂbﬁ&atln@ oipbli¢laim Gaswhaginabbuboicat i ng
oil conprising 0.6 wt%to about 2.5 wt%_ 31 of_ one or more |iquid

3, 5-di -t - but ywt zﬁlorts)@fb@saiﬂaée\ﬁsd%pfﬁ}ﬁ lyhHEating %é@@@nsgs theckiid hindered

nmol ybdenumg ox aeﬂ:(ﬂd .

Goup |1 argnd ﬁ)ﬁ?ﬁdogs%gbgn#&otpwhg'rc el n g%rlléa;{h?a M%Ea @{‘)niéﬁ%torxlycg‘% n@ oi |
-39 | ha9 a branehedstkyl esteesit of about 0.1 wt. %to 1.5 wt. %as

determ ned by 2 ASTM D874 and the concentration of the nol ybdenum oxi dation
inhibitorlds” 3 no nore than 0.5 wt. % 4 5 39. A natural gas engi ne

lubricatiyg o33 COfRE hatitel GiCeRGinENitidatiRY o of Claim 31 or 32 having a total
12  ash content of greater than 0.3 wt. % to 0.95 wt. % as determined by ASTM
13 D874.

14
15 34. The natural gas engine lubricating oil of Claim 31 or 32 having a total

16 ash content of greater than 0.15 wt. % to less than 1.0 wt. % as determined
17 by ASTM D874.

18
19 35. The natural gas engine lubricating oil of Claim 31 or 32 having a total

20 ash content of greater than 0.15 wt. % to less than 0.6 wt. % as determined
21 by ASTM D874.

22
23 36. The natural gas engine lubricating oil of Claim 31 or 32 having a total

24  ash content of greater than 0.6 wt. % to less than 1.0 wt. % as determined by
25 ASTM D874.

26
27 37. The natural gas engine lubricating oil of Claim 30 or 31, wherein the

28 natural gas engine lubricating oil contains no Group Il base oil.

29
30 38. A natural gas engine lubricating oil comprising 0.6 wt% to about 2.5 wt%

31 of one or more liquid 3,5-di-t-butyl 4-hydroxy phenyl propionate hindered
32 phenols, a molybdenum oxidation inhibitor, and a major amount of at least
33 one Group Il and lll base oils, wherein the natural gas engine lubricating oil
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6 hi ndered phenols of the general fornmula: 7 8 O 9 X\ 10 HO
P-CH2-CH2-C-0-R 11 12 wherein Ris a C7-C9 al kyl group, a nol ybdenum
“oxidation inhibitor, and a 13 nmgj or anount of at |least one Goup Il and I1]
*base oils, wherein the natural 14 gas engine lubricating oil has a total
ash content of about 0.1 wt. %to 1.5 wt. 15 % as determ ned by ASTM D874

and the concentration of the nolybdenum 16 oxidation inhibitor is no nore

than 0.5 WM. %hds/a tct8l abth cohtentofibboal 0.gast. entw N6 wiuty asdétenairad byf C aim
21 41, The ral gas

onathe Tun! cathsTRCPsAanelith ansgnBalasof {anebhdemin oxidalio B BRSr Bs Uy

engi ne | ubfi cat

about 2.5 w. %QPfordthdnubsivadd ng oil conprises the liquid hindered 23
phenol . 24 25 42. The natural gas engine |ubricating oil of Caim38 or 39

having a tétal 26 base nunber of about 2.15 to about 8.88 as determn ned by
ASTM D 289}%. 67 28 43 'Il'he nat urallHP%ast.engi ne |ubricati n’\?\TOi I .of.dCI aim 38
or 39 havihg &t ot & NAWER &% qugiebrigating gl campnsing Qneotmorg ligiidy g5y |

% as detergn nﬁmdyqugﬁyho@(bfw enérhl fotthula:44. The natural gas engi ne

| ubricating oil of aim38 or 39 having a total 2 ash content of greater
than 0. 15 . %to less than 1.0 wt. % as determined 3 by ASTMD874. 4 5
45. The nag ural gas engine lubricating oil of Cainmp38 or 39 having a total
6 ash content of greater than 0.15 wt. %to | ess th"an 0.6 . % as

determned 7 by ASTM D874. 3
10 HO

11
12 wherein R is a C;-Cq alkyl group, a molybdenum oxidation inhibitor, and a

13 major amount of at least one Group Il and lil base oils, wherein the natural
14 gas engine lubricating oil has a total ash content of about 0.1 wt. % to 1.5 wt.
15 % as determined by ASTM D874 and the concentration of the molybdenum
16 oxidation inhibitor is no more than 0.5 wt. %.

17
18 40. The natural gas engine lubricating oil of Claim 38 or 39 having less

CH; CH; C O R

19 than 4000 ppm sulfur.

20
21 41. The natural gas engine lubricating oil of Claim 38 or 39, wherein about

22 0.6 wt. % to about 2.5 wt. % of the lubricating oil comprises the liquid hindered
23 phenol.

24
25 42. The natural gas engine lubricating oil of Claim 38 or 39 having a total

26 base number of about 2.15 to about 8.88 as determined by ASTM D 2896.

27
28 43. The natural gas engine lubricating oil of Claim 38 or 39 having a total

29 ash content of greater than 0.3 wt. % to 0.95 wt. % as determined by ASTM

30 DB874.
31
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9 46. The natural gas engine lubricating oil of Caim38 or 39 having a
total 10 ash content of greater than 0.6 wt. %to less than 1.0 wt. % as
“determned by 11 ASTM D874. 12 13 47. The natural gas engine |ubricating
‘oil of Claim38 or 39, wherein the 14 natural gas engine |ubricating oil
contains no Goup Il base oil. 15 16 48. A natural gas engine |ubricating
oil conprising 0.2 wt%to about 3.0 % 17 of one or nore liquid

3,5-di-t-but yI444 hﬂ'dhematumgaylenghmdhbﬁeétmd‘dnhdfe@%ﬂn% qn’rwaiaemgraitoml maj or
ase oi ein 19 the natural

anount of at u
gas engi ne?| ub"’rS O?QF aﬁﬁ%"’@“t%ﬂﬁlwta%md@ﬁ%mﬁ" Hp vgbdmps@eiermlned 20 %

to 1.5 w. %q,g -{Fd by ASTM D874 and does not contain a 21
nol ybdenum oxi dat | on Inhibitor. 22 23 49. A natural gas engine lubricating
oi | conpriéi ng one or nore liquid 24 hindered phenols of the general

formula: 2

C7-C9 al ky Up jﬁ&”’k?‘ﬂ’:%‘ IQPSZEHQFEW% U?C%{nq QJE%‘?CGHB%Q{@& T‘%ﬁé% Fﬂ? I||s| :

base oils, 6\Ah%rsﬁlcantémomgrréatédthaﬂm %‘lsmn% foUBss fidin 08 vl by Badieterhfihéd ash
32 content of about O. . %to 1.5 w. %as determ ned %y ASTM D874 and

33 does nof c@MtPa?TMd)W ybdenum OXI datlon inhibitor. -41 1 50. The
natural g engine |ubricating oil of Claim48 or 49 having less 2 than

4000 ppmsul fur. 3 4 51. The natural gas engine lubricating oil of Caim

48 or 49, ewhedsj n Thewatural Qa@engme"/(mb@ca’m@tﬁll . @la% 38%rd9 hading iottat i ng
oi | conprises the | iquid hindered 6 phenol. 7 . The natural gas
engi ne | ub? i cash ggnisnt opgreatey; thand. @NM% tleal%smgw@ 1 QtVéll % as determined by

11  ASTM D874.

12
13 47. The natural gas engine lubricating oil of Claim 38 or 39, wherein the

14  natural gas engine lubricating oil contains no Group Il base oil.

15
16 48. A natural gas engine lubricating oil comprising 0.2 wt% to about 3.0 wt%

17 of one or more liquid 3,5-di-t-butyl 4-hydroxy pheny! propionate hindered

18 phenols and a major amount of at least one Group |l and Il base oils, wherein
19 the natural gas engine lubricating oil has a total ash content of about 0.1 wt.
20 % to 1.6 wt. % as determined by ASTM D874 and does not contain a

21 molybdenum oxidation inhibitor.

22
23 49. A natural gas engine lubricating oil comprising one or more liquid

24  hindered phenols of the general formula:

25
26 X 0

n ||

0 . HO —©~CH2 CH,——C o R
29 X

30 wherein R is a C;-Cg alkyl group and a major amount of at least one Group |l
31 and lll base oils, wherein the natural gas engine lubricating oil has a total ash
32  content of about 0.1 wt. % to 1.5 wt. % as determined by ASTM D874 and

33 does not contain a molybdenum oxidation inhibitor.
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9 base nunber of about 2.15 to about 8.88 as determ ned by ASTM D 2896. 10

11 53. The natural gas engine lubricating oil of Claim48 or 49 having a
“total 12 ash content of greater than 0.3 wt. %to 0.95 w. % as determ ned

*by ASTM 13 D874. 14 15 54. The natural gas engine lubricating oil of
Claim48 or 49 having a total 16 ash content of greater than 0.15 wt. %to
less than 1.0 wt. % as determned 17 by ASTM D874. 18 19 55. The natural
gas engi nell uld0. catTihegnhatutal gas €ngine ldBricatingihaClagm a8t at49 havifigdeds cont ent

of greater_than O‘Hﬁ& W %fo less than 0.6 wt. %as determ ned 21 by ASTM
D874. 22 23 5N Q0 RRMFUUTgas engine I ubricating oil of Caim48 or 49
having a tgtal 24 ash content of greater than 0.6 wt. %to less than 1.0
wt. %as determned by 25 ASTM D874. 26 27 57. The natural gas engine

| ubri cati ng oidil. of TOeaaturBges engineviibriatingtdikof Qlgim #8LorA9, yehereimgaloait

| ubricating oi.l NS n 0 I base oitl. 29 58.. A pethod. for

| ubri cat i g a0t o Bhot 2. wh % ob Ined B Brine o GoBrins it i fidesed

nat ural gag fgﬁbﬁﬂ_engi ne with the lubricating oil of daim30 or 31 31.

32 -42 a w1l 59. A nethod of reducing oxidation in a natural gas engi ne
whi ch conpfises 2 operating a natural gas engine with a conposition

b opi onat & hi §er ed 1% ARG eSSkl itnisplid PR Srait A BLAS RRE Y et ¢ e
general f o mubase huntbed of dbout 2.15 to about 8.88 as determined by ASTM D 2896.

10
11 53. The natural gas engine lubricating oil of Claim 48 or 49 having a total

12 ash content of greater than 0.3 wt. % to 0.95 wt. % as determined by ASTM
13 D874.

14
15 54. The natural gas engine lubricating oil of Claim 48 or 49 having a total

16 ash content of greater than 0.15 wt. % to less than 1.0 wt. % as determined
17 by ASTM D874.

18
19 85. The natural gas engine lubricating oil of Claim 48 or 49 having a total

20  ash content of greater than 0.15 wt. % to less than 0.6 wt. % as determined
21 by ASTM D874.

22
23 66. The natural gas engine lubricating oil of Claim 48 or 49 having a total

24  ash content of greater than 0.6 wt. % to less than 1.0 wt. % as determined by
25 ASTM D874.

26
27 57. The natural gas engine lubricating oil of Claim 48 or 49, wherein the

28 natural gas engine lubricating oil contains no Group Il base oil.

29 58. A method for lubricating a natural gas fueled engine comprising

30 lubricating the natural gas fueled engine with the lubricating oil of Claim 30 or
31 31 |

32
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8 HO O CH2-CH2-C-0-R 9 X 10 wherein Ris a C7-C9 al kyl group] 11 and a
maj or anmount of at |east one of Goup Il and Ill base oils. 12 13 60. A
“met hod of clai m59, wherein the hindered phenol is liquid 3,5-di-t- 14
’butyl 4- hydroxy phenyl propionate hindered phenol. 15 16 61. The use of an
ant i oxi dant systemconprising 0.6 w%to 2.5 wt% of 17 one or nore liquid
3,5-di-t-butyl 4-hydroxy phenyl propionate hindered phenol 18 [one or nore
| i qui d hi nder &9. phehotaethed OEerugeg@xa:Iatiborinalrtaturfaegaéén@néwhieh tompHsesO
LS a.C7-C9 alk 25 and a nmj or

arount or - 4 Cicbecthera ngRFALb i R4 Oty Hehbiiig 2,00 56

anount of

oxi dation Bn a6 w2k m%bﬂgtsl-ant-sn Behydédx ro gfr@né’cé%ﬁaer‘éhai m 61,
wherein the hindered phenol is I| ?‘ (Y t yb%fe@p hydr oxy phenyl

pr opi onat e4hi mienekl qﬂqa@fdnoregmwmbmdered phenols of the general formula:

5

6 )

, ’\S |

3 HO CH, CH, C O R
9 X

10 wherein Ris a C7-Cgalkyl group]
11 and a major amount of at least one of Group Il and Il base oils.

12
13 60. A method of claim 59, wherein the hindered phenol is liquid 3,5-di-t-

14 butyl 4-hydroxy phenyl propionate hindered phenol.

15
16 61. The use of an antioxidant system comprising 0.6 wt% to 2.5 wt% of

17 one or more liquid 3,5-di-t-butyl 4-hydroxy pheny! propionate hindered phenol

18  [one or more liquid hindered phenols of the general formula:

19

20 | 0

21 o\ ” |

’? HO —@—CHZ CH, o o R
23 4

24  wherein R is a C;-Cy alkyl group];
25 and a major amount of at least one of Group Il and Ill base oils, to reduce

26  oxidation in an internal combustion engine.

27
28 62. The use of claim 61, wherein the hindered phenol is liquid 3,5-di-t-butyl

29  4-hydroxy phenyl propionate hindered phenol.
30
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